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PROBLEM TO BE SOLVED: To provide a light 
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source device and a light irradiation apparatus which 
enhances the efficiency of wavelength conversion 
and enables the narrowing of the wavelength of 
outputted Sight. 

SOLUTION: In nonlinear optical crystal 183D, the 
fundamental wave whose output level is attenuated 
through several steps of wavelength conversion (the 
wavelength conversion in nonlinear optical crystals 
183A-183C) is not used, but a fundamental wave 
obtained by the other optica! amplifier 1612 is used 
and, thereby, the wavelength conversions of the 
respective steps are performed. As a result, the ° — . 
efficiency of wavelength conversion is enhanced, 

peak powers of optical amplifiers 1611, 1612 are suppressed and, further, the wavelength 
of the light outputted from the optical amplifiers 1611, 1612 can be narrowed. 
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* NOTICES * 

JPO and INFIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer, So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 
[Claim 1] 

It is light equipment made to generate the light of predetermined wavelength, 

Two or more optical output equipments which output the light of different wavelength from said 

predetermined wavelength; 

Light equipment equipped with the wavelength converter which generates the light of said 
oredetermined wavelength by two or more steps of wavelength conversion including the wavelength 
conversion which makes incident light two light which makes a fundamental wave light outputted 
from the optical output equipments of each with which it differs of said two or more optical output 
equipments, and;, 
[Claim 2] 

Said two or more optical output equipments are light equipment according to claim 1 characterized 
by including two or more equipments which output the light of the same wavelength, 
[Claim 3] 

It is light equipment according to claim 1 or 2 characterized by for at least one equipment in said two 
or more optical output equipments being the 1st equipment which outputs the light of the 1st wave, 
and at least one equipment in said two or more optical output equipments being the 2nd equipment 
which outputs the light of the 2nd wave from which said light of the 1st wave differs. 
[Claim 4] 

Wavelength conversion in said wavelength converter, 

Light equipment according to claim 3 which carries out incidence of the m time wave (m is the 
natural number) of the iight of the 1st wave outputted from said 1st equipment, and the n time wave 
(n is the natural number) of the light of the 2nd wave outputted from said 2nd equipment, and is 
characterized by including the wavelength conversion which generates a wave and said sum cycle of 
a n time wave said m times, 
[Claim 5] 

At least one equipment in said two or more optical output equipments is light equipment given in 
any 1 term of claims 1-4 characterized by being optical fiber amplifier. 
[Claim 6] 

At least one equipment in said two or more optical output equipments is iight equipment given in 
any 1 term of claims 1-5 characterized by being erbium dope fiber amplifier. 
[Claim 7] 

At least one equipment in said two or more optical output equipments is light equipment given in 
any 1 term of claims 1-6 characterized by being ytterbium dope fiber amplifier. 
[Claim 8] 

The wavelength of the light inputted into said ytterbium dope fiber amplifier is iight equipment 
according to claim 7 characterized by being larger than 1060nm. 
[Claim 9] 

It is light equipment given in any 1 term of claims 3-8 characterized by for said 1st equipment being 
an ytterbium dope fiber amplifier, and said 2nd equipment being an erbium dope fiber amplifier. 
[Claim 10] 

Said wavelength converter is light equipment given in any 1 term of claims 1-9 characterized by 
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generating light with a wavelength of about 248nm which is the oscillation wavelength and 
abbreviation same wavelength of KrF excimer laser. 
[Claim 11] 

Said wavelength converter is light equipment given in any 1 term of claims 1-9 characterized by 
generating light with a wavelength of about 193nm which is the oscillation wavelength and 
abbreviation same wavelength of ArF excimer laser, 
[Claim 12] 

Said wavelength converter is light equipment given in any 1 term of claims 1-9 characterized by 
generating light with a wavelength of about 157nm which is the oscillation wavelength and 
abbreviation same wavelength of F2 laser. 
[Claim 13] 

Said 1st equipment is an ytterbium dope fiber amplifier, and said 2nd equipment is either [ at least ] a 
thulium dope fiber amplifier or a HOROMIUMU dope fiber amplifier, 

Said wavelength converter is light equipment given in any 1 term of claims 3-5 characterized by 
generating light with a wavelength of about 193nm which is the oscillation wavelength and 
abbreviation same wavelength of ArF excimer laser. 
[Claim 14] 

It is light equipment made to generate the light of predetermined wavelength, 

Ytterbium dope fiber amplifier which amplifies light with a wavelength of about lQ99nm and is 

outputted as a fundamental wave; 

Light equipment equipped with the wavelength converter which said fundamental wave is changed 
[ converter ] into a wave the 7 times, and generates light with a wavelength of about 157nm which is 
the oscillation wavelength and abbreviation same wavelength of F2 laser, and;. 
[Claim 15] 

It is light equipment made to generate the light of predetermined wavelength. 

Ytterbium dope fiber amplifier which amplifies light with a wavelength of about 1095nm and is 

outputted as a fundamental wave; 

Light equipment equipped with the wavelength converter which said fundamental wave is changed 
[ converter ] into a wave the 3 times, and generates light with a wavelength of about 365am which is 
the wavelength and abbreviation same wavelength of i line, and;, 
[Claim 16] 

It is light equipment made to generate the light of predetermined w r avelength, 

At least one optical output equipment which outputs light with a wavelength of about 1547nm as a 

fundamental wave; 

Light equipment equipped with the wavelength converter for which 30CsB5 crystal is used as a 
nonlinear optical element which generates light with a wavelength of about 221 run which is the sum 
cycle of said fundamental wave and its 6 time wave, and;, 
[Claim 17] 

Said wavelength converter, 

Light equipment given in any 1 term of claims 1-16 characterized by performing wavelength 
conversion using two or more nonlinear optical elements. 
[Claim 18] 

It is light equipment according to claim 17 characterized by at least one nonlinear optical element 
being NH4H2P04 crystal among said two or more nonlinear optical elements. 
[Claim 19] 

It is light equipment according to claim 17 or 18 characterized by at least one nonlinear optical 
element being a false phase matching crystal among said two or more nonlinear optical elements. 
[Claim 20] 

Light equipment according to claim 19 characterized by using at least one side of KTiOP04 crystal 
and LiNb03 crystal as said false phase matching crystal. 
[Claim 21] 

Light equipment according to claim 19 or 20 characterized by using BaMgF4 crystal as said false 
phase matching crystal. 
[Claim 22] 

Said BaMgF4 crystal is light equipment according to claim 21 characterized by generating a sum 
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cycle with the m time wave (m being the natural number) of said fundamental wave and said 
fundamental wave. 
[Claim 23] 

Light equipment given in any 1 temi of claims 1-22 characterized by inserting some [ at least ] 
equipments of said each optical output equipment, and the delay unit which carries out 
predetermined time delay of the advance of the light inputted into said wavelength converter from 
the equipment between said wavelength converters. 
[Claim 24] 

Light equipment given in claims 1-9 to which said predetermined wavelength is characterized by 
90nm or more being 800nm or less, and any 1 term of 17-23. 
[Claim 25] 

It is the light irradiation device which irradiates light at an object, 
Light equipment given in any 1 term of claims 1-24; 

A light irradiation device equipped with the exposure optical system which turns to said object the 
light injected from said light equipment, and injects it, and;. 
[Claim 26] 

Said object is a light irradiation device according to claim 25 characterized by being a photo 
conductor. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to light equipment and a light irradiation device, and relates to light equipment 
equipped with the wavelength converter which carries out wavelength conversion of the light of the 
single wavelength emitted from a laser light source in more detail at the light of another wavelength, 
and a light irradiation device equipped with this light equipment, 
[0002] 

[Description of the Prior Ait] 

From the former, the light irradiation device is used for inspection of the objective fine structure, 
objective micro processing, the therapy of eyesight correction, etc. For example, at the lithography 
process for manufacturing a semiconductor device etc, in order to imprint on substrates (suitably 
henceforth a "substrate" or a "wafer"), such as a wafer with which the pattern formed in the mask or 
the reticle (it is hereafter named a "reticle" generically) was applied to the resist etc. through 
projection optics, or a glass plate, the aligner which is a kind of a light irradiation device is used. As 
such an aligner, the projecti on aligner of the quiescence exposure mold which adopts a step-and- 
repeat method, and the projection aligner of the scan exposure mold which adopts step - and - 
scanning method are mainly used. Moreover, in order to perform ablation on the front face of a 
cornea (PRK:Photorefractive Keratectomy), or ablation inside a cornea (LASIK:Laser Intrastromal 
keratomileusis) and to treat myopia, the astigmatism, etc, for eyesight correction, the laser 
therapeutic device which is a kind of a light irradiation device is used. 
[0003] 

Many development has been made about the light source which generates the light of short 
wavelength for this light irradiation device. The direction of development of such a source of short 
wave Nagamitsu is mainly divided roughly into the following two sorts. One of them is development 
of the excimer laser w 7 hose oscillation wavelength of laser itself is short wavelength, and another is 
development of the source of short wave Nagamitsu using the harmonic generation of infrared rays 
or light laser. 
[0004] 

Among these, if met in the direction of former, the light equipment which uses KrF excimer laser 
(wavelength of 248nm) is developed, and development of the light equipment which uses ArF 
excimer laser (wavelength of 193nm) etc. as the light source of short wavelength further is furthered 
in current, However, a point disadvantageous as light equipment — the maintenance of laser is 
complicated and costs serve as a large sum — in order that these excimer laser may use the fluorine 
gas which a large-scale thing and treatment take prudence exists. 
[0005] 

Then, the method of changing the light (infrared light, light) of long wavelength into the ultraviolet 
radiation of short wavelength more attracts attention as the approach of short-waveiength-izing 
which met in the direction of latter using the nonlinear optical effect of a nonlinear optical crystal 
As light equipment which used this approach, there are some (only henceforth the "conventional 
example") which were indicated by the international public presentation official report WO 
99/46835, for example. 
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[0006] 

[Problem(s) to be Solved by the Invention] 

By the approach of short-wavelength-izing which uses an above-mentioned nonlinear optical crystal, 
although short wave Nagamitsu's generating effectiveness is determined by the generating 
effectiveness of the nonlinear optical effect in a nonlinear optical crystal, the generating 
effectiveness of the nonlinear optical effect becomes high, so that the brightness (the semantics of 
"peak power" is included) of the object light of the wavelength conversion which carried out 
incidence is high. For this reason, in order to obtain ultraviolet radiation efficiently, it is necessary to 
carry out incidence of the infrared light or the light of high brightness to a nonlinear optical crystal. 
So, in the above-mentioned conventional example, it amplifies with the optica! fiber amplifier which 
has the optical fiber for magnification with which rare earth elements, such as an erbium (Er), were 
added in the infrared light or the light of single wavelength generated by semiconductor laser etc., 
and incidence is carried out to a nonlinear optical crystal. In addition, in such an optical fiber 
amplifier, the optical amplification function is given to the optical fiber for magnification by 
supplying excitation light to the optical fiber for magnification, exciting the added rare earth 
elements, and forming the inverted population about the energy level of the outer shell electron of 
rare earth elements, 
[0007] 

the technique of the conventional example mentioned above — like — a long wave — in changing 
merit's light (infrared light, light) into the ultraviolet radiation of short wavelength more, it is 
performing wavelength conversion using the nonlinear optical effect by the nonlinear optical crystal 
by generating the 2nd higher harmonic or sum cycle of the incident light. In such a case, there was 
un-arranging, as shown below. 

(1) Although the m time wave (m is the natural number) of a fundamental wave is obtained, when 
the wave has already been obtained m-1 time, the sum cycle of a wave and a fundamental wave was 
generated m-1 time, and the light of desired wavelength has been obtained, Usually, the fundamental 
wave which has passed the nonlinear optical crystal of a preceding paragraph story, without being 
changed into a higher harmonic is used for the fundamental wave used when generating this sum 
cycle. However, the output level is decreasing considerably the fundamental wave which the 
nonlinear optical crystal of a preceding paragraph story was passed, and even the nonlinear optical 
crystal of a culmination has reached, and, in such a case, it cannot acquire sufficient wavelength 
conversion efficiency. 

(2) With the wavelength of the fundamental wave used for wavelength conversion, the wavelength in 
which wavelength conversion is possible will be restricted to the wavelength of a m time wave of a 
fundamental wave. 

[0008] 

This invention was made under this situation and the 1st purpose is in offering the light equipment 

which wavelength conversion efficiency can improve. 

[0009] 

Moreover, the 2nd purpose of this invention is to offer the light irradiation device which can irradiate 
the light by which wavelength conversion was carried out efficiently at a body (exposure object). 
[0010] 

[Means for Solving the Problem] 

Invention according to claim 1 is light equipment (16 16') made to generate the light of 
predetermined wavelength, two or more optical output equipments (161 i --) which output the light of 
different wavelength from said predetermined wavelength 1 91j; it is light equipment equipped with 
the wavelength converter (163) which generates the light of said predetermined wavelength by two 
or more steps of wavelength conversion including the wavelength conversion which makes incident 
light two light which makes a fundamental wave light outputted from the optical output equipments 
of each with which it differs of said two or more optical output equipments, and;. 
[0011] 

According to this, in the wavelength converter which changes the light of different wavelength from 
predetermined wavelength into the light of predetermined wavelength gradually, at least one step of 
wavelength conversion which makes incident light two light which makes a fundamental wave light 
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outputted from different optical output equipments of each is performed. With namely, the light 
which made light outputted from one optical output equipment the only fundamental wave in the 
light equipment of this invention, and the output level decreased through several steps of wavelength 
conversion Since wavelength conversion of a whole page story cannot be performed but at least one 
step of wavelength conversion can be performed using the light which makes a fundamental wave 
light outputted from other optical output equipments, wavelength conversion efficiency can be 
improved. 
[0012] 

Since the fundamental wave acquired from other optical output equipments can be used for 
wavelength conversion using the fundamental wave after the 2nd step according to the light 
equipment of this invention, it becomes unnecessary furthermore, to let the output level of the 
fundamental wave used for the 1st step of wavelength conversion be the high level for using for the 
wavelength conversion after the 2nd step, Therefore, in the light equipment of this invention, the 
peak power of the output of the optical output equipment which outputs the fundamental wave used 
for the 1st step of wavelength conversion, and the optical output equipment which outputs the 
fundamental wave used for wavelength conversion in other phases can be controlled. If peak power 
is controlled, wavelength of the light outputted from optical output equipment can be narrow-band- 
ized further. 
[0013] 

In this case, suppose said two or more optical output equipments that two or more equipments which 
output the light of the same wavelength are included like light equipment according to claim 2, 
[0014] 

In above-mentioned claim 1 or light equipment given in 2 like light equipment according to claim 3 
at least one equipment in said two or more optical output equipments It is the 1st equipment (191i) 
which outputs the light of the 1st wave, and suppose that said light of the 1st wave is at least one 
equipment in said two or more optical output equipments the 2nd equipment (16 lj) which outputs a 
different light of the 2nd wave. 
[0015] 

Since the light of wavelength other than the m time wave of single wavelength can be made now by 
making into incident light light which is two from which wavelength differs according to this, the 
selection range of the wavelength of the light to output can be extended. 

[0016] 

In this case, wavelength conversion in [ like / light equipment according to claim 4 ] said wavelength 
converter Incidence of the m time wave (m is the natural number) of the light of the 1st wave 
outputted from said 1st equipment and the n time wave (n is the natural number) of the light of the 
2nd wave outputted from said 2nd equipment can be earned out, and suppose that the wavelength 
conversion which generates a wave and said sum cycle of a n time wave said m times is included. 
[0017] 

Moreover, suppose that it is at least one equipment in said two or more optical output equipments 
optical fiber amplifier like light equipment according to claim 5 in light equipment given in any 1 
term of above-mentioned claims 1-4 
[0018] 

Of course, as optical outout equipment, it is not restricted to an optical fiber amplifier and various 
amplifiers, such as a stimulated-Raman-scattering amplifier and an induction Bnllouin scattering 
amplifier, can be applied. Moreover, it is also possible the light sources (for example, Nd: YAG laser 
light source etc.), such as a laser light source, and to be able to use as optical output equipment and 
to use combining them. 
[0019] 

Moreover, suppose that it is at least one equipment in said two or more optical output equipments 
erbium dope fiber amplifier like light equipment according to claim 6 in light equipment given in 
any 1 term of above-mentioned claims 1-5. In addition, the bandwidth of the wavelength of the light 
which can be amplified with erbium dope fiber amplifier is 1530nm or more 1 600nm or less. 
[0020] 

Suppose that it is at least one equipment in said two or more optical output equipments ytterbium 
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dope fiber amplifier like light equipment according to claim 7 in light equipment given in any 3 term 
of above-mentioned claims 1-6. In addition, the bandwidth of the wavelength of the light which can 
be amplified with ytterbium dope fiber amplifier is 1030nm or more 1 120nm or less, 
[0021] 

In this case, wavelength of the light inputted into said ytterbium dope fiber amplifier can be enlarged 
from 1060nm like light equipment according to claim 8. If it does in this way, since ytterbium dope 
fiber amplifier will operate like 4 level system laser, high power can be obtained. 
[0022] 

In light equipment given in any 1 term of above-mentioned claims 3-8, like light equipment 
according to claim 9, said 1st equipment is an ytterbium dope fiber amplifier, and suppose that it is 
said 2nd equipment an erbium dope fiber amplifier. 
[0023] 

According to this, by the wavelength converter, since wavelength conversion which makes incident 
light the n time wave of the m time wave of the fundamental wave which has 1030nm or more 
wavelength of 1 120nm or less, and the fundamental wave which has 1530nm or more wavelength of 
1600nm or less can be carried out, the selection range of the wavelength of the light to output can be 
extended. 
[0024] 

In light equipment given in any 1 term of above-mentioned claims 1-9, said wavelength converter 
can be carried out to generating light with a wavelength of about 248nm which is the oscillation 
wavelength and abbreviation same wavelength of KrF excimer laser like light equipment according 
to claim 10. 
[0025] 

According to this, when a maintenance etc, replaces with a difficult KrF excimer laser and uses the 
light equipment of this invention, light with a wavelength of about 248nm can be obtained easily. 
[0026] 

In light equipment given in any 1 term of above-mentioned claims 1-9, said wavelength converter 
can be earned out to generating light with a wavelength of about 193nm which is the oscillation 
wavelength and abbreviation same wavelength of ArF excimer laser like light equipment according 
to claim 1 1. 
[0027] 

According to this, when a maintenance etc. replaces with a difficult ArF excimer laser and uses the 
light equipment of this invention, light with a wavelength of about 193nrn can be obtained easily. 
[0028] 

In light equipment given in any 1 term of above-mentioned claims 1-9, said wavelength converter 
can be carried out to generating light with a wavelength of about 157nm which is the oscillation 
wavelength and abbreviation same wavelength of F2 laser like light equipment according to claim 
12. 

[0029] 

In light equipment given in any 1 term of above-mentioned claims 3-5 like light equipment 
according to claim 1 3 said 1st equipment It is ytterbium dope fiber amplifier, Said 2nd equipment on 
the other hand, a thulium dope fiber amplifier and a HOROMIUMU dope fiber amplifier come out at 
least, it is and said wavelength converter can be carried out to generating light with a wavelength of 
about 193nm which is the oscillation wavelength and abbreviation same wavelength of ArF excimer 
laser, 
[0030] 

Ytterbium dope fiber amplifier which invention according to claim 14 is light equipment made to 
generate the light of predetermined wavelength, and amplifies light with a wavelength of about 
1099nm and is outputted as a fundamental wave; it is light equipment equipped with the wavelength 
converter which said fundamental wave is changed [ converter ] into a wave the 7 times, and 
generates light with a wavelength of about 157nm which is the oscillation wavelength and 
abbreviation same wavelength of F2 laser, and;. 
[0031] 

Ytterbium dope fiber amplifier which invention according to claim 15 is light equipment made to 
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generate the light of predetermined wavelength, and amplifies light with a wavelength of about 
1095nm and is outputted as a fundamental wave; it is light equipment equipped with the wavelength 
converter which said fundamental wave is changed [ converter ] into a wave the 3 times, and 
generates light with a wavelength of about 365nm which is the wavelength and abbreviation same 
wavelength of i line, and;. 
10032! 

At least one optical output equipment which invention according to claim 16 is light equipment 
made to generate the light of predetermined wavelength, and outputs l ight with a wavelength of 
about 1547nm as a fundamental wave; it is light equipment equipped with the wavelength converter 
for which 30CsB5 crystal is used as a nonlinear optical element which generates light with a 
wavelength of about 221nm which is the sum cycle of said fundamental wave and its 6 time wave, 
and;. 
[0033] 

Suppose said wavelength converter that wavelength conversion is performed using two or more 
nonlinear optical elements like light equipment according to claim 17 in light equipment given in 
any 1 term of above-mentioned claims 1-16, In this case, suppose at said nonlinear optical element 
that it is NH4H2P04 crystal like light equipment according to claim 18, 
[0034] 

Suppose that it is at least one nonlinear optical element a false phase matching crystal among said 
two or more nonlinear optical elements like light equipment according to claim 19 in above- 
mentioned claim 17 or light equipment given in 18. In this case, suppose that at least one side of 
KTiOP04 crystal and LiNb03 crystal is used as said false phase matching crystal like light 
equipment according to claim 20. 
[0035] 

Moreover, suppose that BaMgF4 crystal is used for above-mentioned claim 19 or 20 as said false 
phase matching crystal like light equipment according to claim 21 in the light equipment of a 
publication. In this case, said BaMgF4 crystal can be carried out to generating a sum cycle with the 
rn time wave (m being the natural number) of said fundamental wave and said fundamental wave 
like light equipment according to claim 22. If it does in this way, since the polarization reversal 
period of a false phase matching crystal can be lengthened as much as possible, manufacture of a 
false phase matching crvstal becomes easy. 
[0036] 

Suppose that some [ at least ] equipments of said each optical output equipment and the delay unit to 
which predetermined time delay of the advance of the light inputted into said wavelength converter 
from the equipment is carried out between said wavelength converters are inserted like light 
equipment according to claim 23 in light equipment given in anv 1 term of above-mentioned claims 
1-22. 
[0037] 

In light equipment given in above-mentioned claims 1-9 and any 1 term of 17-23, said predetermined 
wavelength can decide to 90nm or more be SOGrtrn or less like light equipment according to claim 
24. 

[0038] 

the light irradiation device with which invention according to claim 25 irradiates light at an object - 
it is — light equipment given in any 1 term of claims 1-24, and; — it is a light irradiation device 
equipped with the exposure optical system which turns to said object the light injected from said 
Sight equipment, and injects it, and;. 
[0039] 

Since the light outputted to any 1 term of claims 1-24 from the light equipment of a publication is 
irradiated through exposure optical system at an object according to this, the light by which 
wavelength conversion was carried out efficiently can be irradiated at a bodv (exposure object). 
[0040] 

In this case, suppose that it is said object a sensitization body like a light irradiation device according 
to claim 26. That is, suppose that it is the light irradiation device of this invention an aligner, 
[0041] 
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[Embodiment of the Invention] 

« — operation gestalt [ of ** a 1st ]» 

Hereafter, the 1st operation gestalt of this invention is explained based on drawing 1 - drawing. 9 , 
[0042] 

The outline configuration of the aligner 10 which is a light irradiation device concerning the 1st 
operation gestalt constituted including the light equipment concerning this invention is shown in 
draw ing 1 . This aligner 10 is a scanning aligner of step - and - scanning method. 
[0043] 

The illumination system to which this aligner 10 changes from light equipment 16 and the 
illumination-light study system 12, The reticle stage RST holding the reticle R as a mask illuminated 
bv the illumination light IL for exposure from this illumination svstem (henceforth the "illumination 
light" or "exposure light"), It has X-Y stages 14 in which Z tilt stage 58 holding the projection optics 
PL which projects the exposure light IL through Reticle R on the wafer W as a sensitization body, 
and Wafer W was carried, these control systems, etc. 
[0044] 

Said light equipment 16 is equipment which outputs ultraviolet pulsed light with a wavelength of 
193.4nm (it is [ ArF excimer laser light and ] the same wavelength mostly). This light equipment 16 
is contained in the Emba irone mental chamber (henceforth a "chamber") 1 1 to which temperature, a 
pressure, humidity, etc, were adjusted with high precision with the body of an aligner which consists 
of the non-illustrated body column in which said illumination-light study system 12, a reticle stage 
RST, projection optics PL, Z tilt stage 58, X-Y stage 14, and these each part were carried. In 
addition, although light equipment 16 shall be altogether arranged in a chamber 1 1 with this 
operation gestalt, you may be the configuration of preparing in the same stand especially as the 
illumination-light study system 12 in a chamber 11, the part, for example, the wavelength transducer 
mentioned later, of light equipment 16, and connecting the wavelength transducer and body section 
of light equipment 16 with an optical fiber etc, 
[0045] 

The internal configuration of light equipment 16 is shown to drawing 2 by the block diagram with 
the main control unit 50 which carries out generalization control of the aligner 10 whole. As shown 
in drawing 2 , light equipment 16 is equipped with light source section 16A, laser control unit 16B, 
quantity of light control unit 16C, etc. 
[0046] 

Said light source section 16A is equipped with the pulsed light generating section 160, optical 
amplifiers 1611 and 1612, the wavelength transducer 163, the beam monitor device 164, and the 
optical divider 165 grade, 
[0047] 

Said pulsed light generating section 160 has laser light source 160A, optical coupler BS1, optical- 
isolator 160B, electrooptical-modulator (henceforth "EOM") 160C as an optical modulator, etc, In 
addition, the optical fiber etc, connects optically between each element of a before [ from laser light 
source 160A / the wavelength transducer 163 1. 
[0048] 

As said laser light source 160A, the DFB (distribution feedback mold) semiconductor laser of an 
InGaAsP system with a single wavelength oscillation laser [ of about 1.5 micrometers ], for example, 
oscillation wavelength, and a continuous wave output (henceforth "CW output") of 20m W is used 
here. f? DFB semiconductor laser 160A" shall call laser light source 160A suitably for below. Here, 
instead of the low Fabry-Perot mold resonator of longitudinal-mode selectivity, DFB semiconductor 
laser 160A completes a diffraction grating in semiconductor laser, and even if it is under what kind 
of situation, it is constituted so that a single longitudinal-mode oscillation may be carried out. By 
such laser, in order to carry out a single longitudinal-mode oscillation fundamentally, the oscillation 
spectral line width is stopped by 0,01 or less pms. 
[0049] 

In addition, DFB semiconductor laser 160A is usually prepared on a heat sink, and these are 
contained in the housing. With this operation gestalt, heat regulators (Peltier device etc) are formed 
on the heat sink attached to DFB semiconductor laser 160 A, and when laser control unit 16B 
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controls the temperature, it has composition which can control oscillation wavelength (adjustment), 
[0050] 

As said optical coupler BS1, that whose permeability is about 97% is used. For this reason, by 
optical coupler BS1, it branches to two, those about 97% progresses toward optical-isolator 160B of 
the next step, and about remaining 3% carries out incidence of the laser beam from DFB 
semiconductor laser 160A to the beam monitor device 164. 
[005 1 ] 

Said beam monitor device 164 contains the energy monitor (illustration abbreviation) which consists 
of optoelectric transducers, such as a photodiode. The output of this energy monitor is supplied to the 
main control unit 50 through laser control unit 16B, detects the energy power of a laser beam based 
on the output of an energy monitor, and controls the quantity of light of the laser beam oscillated by 
DFB semiconductor laser 160A through laser control unit 16B if needed by the main control unit 50, 
[0052] 

Said optical-isolator 160B passes only the light of a direction which goes to EOM160C from optical 
coupler BS1, and prevents passage of the light of the opposite sense. Change, a noise, etc. of the 
oscillation mode of DFB semiconductor laser 160A resulting from the reflected light (return light) 
are prevented by this optical-isolator 16GB, 
[0053] 

Said EOM160C is for changing into pulsed light the laser beam (CW light (continuation light)) 
which passed optical-isolator 160B. The electrooptical modulator (for example, 2 electrode mold 
modulator) with the electrode structure which performed chirp amendment is used so that the 
wavelength breadth by the chirp may become small as EOM160C. EOM160C outputs the pulsed 
light modulated synchronizing with the electrical-potential-difference pulse impressed from quantity 
of light control unit 16C. In addition, the light pulse train outputted from EOM160C is shorter than 
the time amount which excitation of the whole alloying element in the optical fiber 175 for 
magnification in the optical amplifiers 1611 and 1612 mentioned later takes, and if it sees from the 
magnification operation in the optical fiber 175 for magnification, it can be considered that it is a 
continuous light. For example, the laser beam oscillated by EOM160C by DFB semiconductor laser 
160A is modulated to pulsed light with Ins [ of pulse width ], and a repeat frequency of 1 00kHz 
(about 10 microseconds of pulse peri ods), In addition, the value to which a repeat frequency can 
control the effect of the ASE (Amplified Spontaneous Emission: spontaneous emmision light) noise 
in optical fiber amplifier is chosen. 
[0054] 

In addition, it is desirable to use together the applied voltage to EOM160C and the supply current 
control to DFB semiconductor laser 160 A, and to perform pulse-ization of output light, In this case, 
an extinction ratio can be improved. While becoming possible to generate pulsed light with narrow 
pulse width easily, improving an extinction ratio compared with the case where only EOM160C is 
used if it does in this way, it becomes possible to control more simply oscillation spacing of pulsed 
light, initiation, its halt of an oscillation, etc. Moreover, it is also possible to replace with EOM160C 
and to use an acoustooptic modulator (AOM). 
[0055] 

Said optical divider 165 divides into two the pulsed light outputted from the pulsed light generating 

section 160, and outputs it to optical amplifiers 1611 and 1612, 

[0056] 

Said optical amplifiers 161 1 and 1612 amplify the pulsed light from the optical divider 165. The 
configuration of one optical amplifier 161 1 is shown in drawings . As shown in this drawing..3 , the 
optical amplifier 161 1 is equipped with the optical turnout 166 which distributes the pulsed light 
from the optical divider 165 to time order periodically, and branches (for example, 128 branching), 
and the fiber amplifier 167 as two or more optical amplifiers. 
[0057] 

As shown in drawing 3 , the optical fiber amplifier 167 compounded the optical fiber 175 for 
magnification as a medium for magnification, the semiconductor laser 1781 and 1782 for excitation 
which generates excitation light (pump light), and an above-mentioned output light and the 
excitation light of the optical divider 165, and is equipped with the wavelength division multiplex- 
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ized equipments (Wavelength Division Multiplexer: WDM) 1791 and 1792 which supply a synthetic 
light obtained in this way to the optica! fiber 175 for magnification. Here, the semiconductor laser 
1781 for excitation and WDM 1791 are used for front excitation, and, on the other hand, the 
semiconductor laser 1782 for excitation and WDM 1792 are used for back excitation. This is aiming 
at maintenance of the linearity of the rate of optical amplification to whenever [ input luminosity ], 
and improvement with the rate of optical amplification. 
[0058] 

As said optical fiber 175 for magnification, silica glass or phosphate glass is used as a principal 
member, it has a core and a clad, and the optical fiber with which the erbium (Er) was doped by high 
density is used for a core. That is, this optical fiber amplifier 167 is an erbium dope fiber optical 
amplifier, 
[0059] 

In the optical fiber amplifier 167 constituted as mentioned above, if pulsed light carries out incidence 
and ad vances the inside of the core of the optical fiber 175 for magnification through WDM 1791 
where the excitation light which the semiconductor laser 1781 and 1782 for excitation generated in 
the optical fiber 175 for magnification is supplied through WDM 1791 and 1792, stimulated 
emission will occur and pulsed light will be amplified. Since the optical fiber 175 for magnification 
has a high amplification factor in this optical amplification, the pulsed light of high brightness with 
the high unity of wavelength is outputted. For this reason, the light of a narrow-band can be obtained 
efficiently. 
[0060] 

Said semiconductor laser 1781 and 1782 for excitation generates the light of wavelength shorter than 
the oscillation wavelength in DFB semiconductor laser 160A as an excitation light. This excitation 
light is supplied to the optical fiber 175 for magnification through WDM 1791 and 1792, the husks 
foreign news child of Er is excited by that cause, and the so-called inverted population of an energy 
level occurs. In addition, the semiconductor laser 1781 and 1782 for excitation is controlled by 
quantity of light control unit 16C. 
[0061] 

A part of output branches with each optical fiber amplifier 167, and photo electric conversion is 
carried out by the optoelectric transducer 171 prepared in each branching edge, respectively. The 
output signal of these optoelectric transducers 171 is supplied to quantity of light control unit 16C. 
[0062] 

In quantity of light control-device 16C, feedback control of the drive current of each semiconductor 
laser 1781 and 1782 for excitation is carried out so that the optical output from each optical fiber 
amplifier 167 may become fixed (that is, it balances like). It is constituted like [ the optical amplifier 
1612 of another side ] the optical amplifier 1611 mentioned above, 
[0063] 

In drawing 2 . including two or more nonlinear optical crystals, return and said wavelength converter 
3 63 carry out wavelength conversion of said amplified pulsed light (light of 1546,9 nm wavelength) 
the 8 times at a higher harmonic, and generate the pulse ultraviolet radiation of the almost same 
output wavelength (193, four nm) as ArF excimer laser. 
[0064] 

The example of a configuration of this wavelength converter 163 is shown in drawing 4 . Here, the 
example of the wavelength converter 163 is explained based on this drawing 4 . In the wavelength 
converter 163 of drawing 4 , wavelength conversion is performed in order of a fundamental-wave 
(1546.9 nm wavelength) ->2 time wave (773,5 nm wavelength) ~>3 time wave (515.6 nm 
wavelength) ->6 time wave (257.8 nm wavelength) ->7 time wave (221,0 nm wavelength) ->8 time 
wave (193.4 nm wavelength). 
[0065] 

If this is explained further in full detail, incidence of the fundamental wave of the 1546,9 nm 
(frequency omega) wavelength outputted from the optical amplifier 161 1 will be carried out to the 
1st step of nonlinear optical crystal 183 A through condenser lens 1 82A. In case this fundamental 
wave passes this nonlinear optical crystal 183 A, the twice of the frequency omega of that 
fundamental wave, i.e., 2 double wave with a frequency of 2omega (wavelength is one half of 
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773.5nm), occur by the secondary harmonic generation. 
[0066] 

As the 1st step of this nonlinear optical crystal 183 A, 30LiB5 (LBO) crystal is used and the 
approach by the temperature control of an LBO crystal and non critical phase matching (Non- 
CriticalPhase Matching), i.e., NCPM, are used for the phase matching for carrying out wavelength 
conversion of that fundamental wave at 2 double wave. Since the include-angle gap (Walk-off) with 
the fundamental wave within a nonlinear optical crystal and the 2nd higher harmonic does not take 
place, NCPM is efficient, conversion on 2 double wave is possible for it, and its generated 2 double 
wave is advantageous in order not to receive deformation of the beam by Walk-off, either. 
[0067] 

As for the fundamental wave penetrated without carrying out wavelength conversion by nonlinear 
optical crystal 183A 5 and 2 double wave generated in wavelength conversion of nonlinear optical 
crystal 183 A. the half-wave length and one wave of delay is given with the wavelength plate 184 of 
the next step, respectively, And the polarization direction comes to rotate only a fundamental wave 
90 degrees, Thereby, the polarization direction of the fundamental wave and 2 double wave comes to 
be in agreement. After the fundamental wave and 2 double wave which passed the wavelength plate 
184 mind condenser lens 182B, incidence of them is carried out to the 2nd step of nonlinear optical 
crystal 183B. As the 2nd step of nonlinear optical crystal 183B, while for example, an LBO crystal is 
used, phase matching by NCPM is planned at the temperature to which the LBO crystal differs from 
the 1st step of nonlinear optical crystal (LBO crystal) 183 A. In this nonlinear optical crystal 183B, 
the 3 time wave (wavelength of 515.6nm) of a fundamental wave is obtained by the sum frequency 
generation of 2 double wave generated in the 1st step of nonlinear optical crystal 183A, and flic 
fundamental wave which penetrated that nonlinear optical crystal 183 A, without carrying out 
wavelength conversion. 
[0068] 

Next, incidence of the 3 time wave obtained by nonlinear optical crystal 183B is carried out to the 
3rd step of nonlinear optical crystal 183C through condenser lens 182C. And in case a wave passes 
along the 3rd step of this nonlinear optical crystal 183C these 3 times, a 6 times [ 6omega 
(wavelength is one sixth of 257.8nm) ], i.e., frequency, as many 6 time wave as the frequency omega 
of a fundamental wave occurs bv the secondary harmonic generation of a wave those 3 times. As the 
3rd step of this nonlinear optical crystal 183C, 2Qheta-BaR 4 (BBO) crystal or 6OCsLiB10 (CLBO) 
crystal is used, for example. 
[0069] 

It is reflected by dichroic-mirror 185 A after passing condenser lens 182D, and the 6 time wave 
obtained by nonlinear optical crystal 183C is outputted from an optical amplifier 1612, is 
compounded by the fundamental wave of 1546.9 nm (frequency omega) wavelength and the same 
axle which passed condenser lens 182E, and carries out incidence to the 4th step of nonlinear optical 
crystal 18 3D. 
[0070] 

60CsLiB 1 0 (CLBO) crystal is used as the 4th step of nonlinear optical crystal 1 83D. In this 
nonlinear optical crystal 1 83D, a wave (wavelength of 221.0nm) is obtained 7 times by the sum 
frequency generation of a fundamental wave and a 6 time wave. In the above-mentioned 
configuration, it is also possible to use 30CsB5 (CBO) crystal instead of CLBO crystal 183D for 
wave generating 7 times, 
[0071] 

The 7 time wave obtained by nonlinear optical crystal 183D and the fundamental wave which 
penetrated it are separated by dichroic-mirror 1 85B. it is reflected by mirror 185C, and the 
fundamental wave which penetrated this passes condenser lens 182F, and results in dichroic-mirror 
185E. And it is reflected by mirror 185D, and the 7 time wave reflected by dichrQic-mirror 185B 
passes condenser lens 182G, and results in dichroic-mirror 185E. And the fundamental wave and 7 
time wave are compounded by the same axle by dichroic-mirror 185E, and earn 7 out incidence to the 
5th step of nonlinear optical crystal 183E. In addition, it is also possible to use a cyfindricaS-lens pair 
instead of condenser lens 1 82G as an object for beam plastic surgery of a wave 7 times. 
[0072] 
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As the 5th step of nonlinear optical crystal !83E, 6OCsLiB10 (CLBO) crystal is used and a wave 
(wavelength of 1 93.4nm) is obtained 8 times by the sum frequency generation of a fundamental 
wave and a 7 time wave. In the above-mentioned configuration, it is also possible to use 40LiB7 
(LB4) crystal instead of CLBO crystal 183E for 8 time wave generating, 
[0073] 

In the wavelength converter 163 constituted as mentioned above, the light of the 193,4 nm target 
wavelength is obtained by carrying out wavelength conversion of the fundamental wave (1546.9 nm 
wavelength) amplified by optical amplifiers 161 1 and 1612 in five steps. 
[0074] 

Return and said illumination-light study system 12 equip draw ing 1 with the illuminance 
equalization optical system containing an optical integrator, the relay Iens ? the adjustable ND filter, 
the reticle blind, the dichroic mirror, etc. (all are un-illustrating), Here, as an optical integrator, a fly 
eye lens, internal reflection mold integrators (rod integrator etc.), or a diffracted-light study 
component is used. The configuration of such an illumination-light study system 12 is indicated by 
JP,6-349701,A etc, The exposure light 1L injected from this illumination-light study system 12 
illuminates lighting field 42R of the rectangle on the reticle R held on the reticle stage RST by 
uniform illumination distribution through a condensing lens 32, after an optical path is bent by 
Mirror M at a perpendicular lower part. 
[0075] 

Reticle R is laid on said reticle stage RST, and adsorption maintenance is carried out through the 
non-illustrated vacuum chuck etc. A reticle stage RST is scanned by the reticle stage mechanical 
component 49 in the predetermined stroke range in a scanning direction (it considers as Y shaft 
orientations which are space longitudinal directions of drawing 1 here) while it can be driven minute 
in a horizontal plane (XY flat surface). The location and rotation of a reticle stage RST under this 
scan are measured by external laser interferometer 54R through migration mirror 52R fixed on the 
reticle stage RST, and the measurement value of this laser interferometer 54R is supplied to a main 
control unit 50. 
[0076] 

In addition, the quality of the material used for Reticle R is defined with the wavelength of the 
exposure light IL. That is, like this operation gestalt, when the exposure light ouiputted from light 
equipment 16 is light with a wavelength of 193nm, it can use synthetic quartz, but as mentioned 
later, when the exposure light outputted from light equipment 16 is light with a wavelength of 
157nm, it is necessary to form with a fluorite, the synthetic quartz with which the fluorine was 
doped, or XtaL 
[0077] 

said projection optics PL ~ for example, a both-sides tele cent — it is a rucksack contraction system 
and consists of two or more lens elements which have the optical axis AX of common Z shaft 
orientations. Moreover, as this projection optics PL, things, such as 1/4, 1/5, and 1/6, are used for the 
projection scale factor beta. For this reason, if it carries out and lighting field 42R on Reticle R is 
illuminated by the exposure light IL like the above-mentioned, contraction projection of the pattern 
formed in that reticle R will be carried out by projection optics PL for the projection scale factor 
beta, and that image will be imprinted by exposure field 42W of the shape of a slit on the wafer W 
with which the resist (sensitization agent) was applied to the front face. 
[0078] 

The two-dimensional drive of said X-Y stage 14 is earned out at X shaft orientations (the space 
rectangular cross direction in drawing! ) which intersect perpendicularly with Y shaft orientations 
and this which are a scaling direction by the wafer stage mechanical component 56. On Z tilt stage 
58 carried on this X-Y stage 14, Wafer VV is held by vacuum adsorption etc. through the wafer 
holder (un-illustrating). Z tilt stage 58 has the function to adjust the tilt angle of the wafer W to XY 
flat surface (image surface of projection optics PL) while adjusting the location (focal location) of Z 
shaft orientations of Wafer W with three actuators (a piezo-electric element or voice coil motor). 
Moreover, the location of X-Y stage 14 is measured by laser interferometer 54W r of the exterior 
through migration mirror 52W fixed on Z tilt stage 58, and this measurement value of laser 
interferometer 54W is supplied to a main control unit 50. 
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[0079] 

X migration mirror in which a migration mirror has a reflector perpendicular to the X-axis in fact, 
and Y migration mirror which has a reflector perpendicular to a Y-axis exist here. Although the thing 
for the object for X-axis location measurement, the object for Y-axis location measurement, and 
rotation (amount of yawing, amount of pitching, and amount of rolling are included) measurement 
also in a laser interferometer is prepared corresponding to this, respectively, these are typically 
shown by drawingJL as migration mirror 52W and laser interferometer 54W, 
[0080] 

On Z tilt stage 58, the reference mark plate FM used in case reticle alignment mentioned later is 
performed is formed. This reference mark plate FM is arranged so that that front face may serve as 
the almost same height as the front face of Wafer W. On the front face of this reference mark plate 
FM, reference marks, such as a reference mark for reticle alignment and a reference mark for base- 
line measurement, are formed. 
[0081] 

Moreover, although illustration is omitted in drawing 1 from a viewpoint which avoids complication 
of a drawing, this aligner 10 is equipped with the reticle alignment system of the image-processing 
method for performing reticle alignment in fact, 
[0082] 

When performing alignment of Reticle R 5 a reticle stage RST and X-Y stage 14 drive through the 
reticle stage mechanical component 49 and the wafer stage mechanical component 56 with a main 
control unit 50 first, the reference mark for reticle alignment on the reference mark plate FM is set as 
the periphery which is the above-mentioned exposure field 42 W, and the relative position of Reticle 
R and Z tilt stage 58 is set up so that the reticle mark image on Reticle R may lap with the reference 
mark mostly. In this condition, both marks are picturized using a reticle alignment system by the 
main control unit 50, and the amount of location gaps of X shaft orientations of the projection image 
of the reticle mark to the reference mark which processes that image pick-up signal in a main control 
unit 50, and corresponds, and Y shaft orientations is computed. Since the image through projection 
optics PL will be picturized in the image pick-up of this mark, the light of the almost same 
wavelength as the wavelength of the exposure light IL is used, 
[0083] 

Moreover, it is also possible to search for focal offset and leveling offset (the focal location of 
projection optics PL, image surface inclination, etc) based on the contrast information included in 
the detecting signal (picture signal) of the projection image ot the reference mark obtained as a result 
of the alignment of the above-mentioned reticle. 
[0084] 

Moreover, with this operation gestalt, measurement which used the predetermined mark on the 
reference mark plate about the amount of base lines of the off-axis alignment sensor by the side of 
the wafer which is not illustrated [ which was prepared in the side face of projection optics PL ] 
(relative-position relation between a reticle projection location and an alignment sensor) with the 
main control unit 50 at the time of the above-mentioned reticle alignment is also performed. 
[0085] 

Furthermore, it has the l ight source by which turning on and off is controlled by the aligner 1 0 of this 
operation gestalt with a main control unit 50 to be shown in drawing 1 . Exposure optical-system 60a 
which irradiates the image formation flux of light for forming many pinholes or the image of a slit 
towards the image formation side of projection optics PL from the direction of slant to an optical 
axis AX, The multipoint focal location detection system (focal sensor) of the oblique incidence 
method which consists of light-receiving optical-system 60b which receives the reflected light 
bundle in the wafer W front face of those image formation flux of lights is prepared. In addition, the 
detailed configuration of the same multipoint focal location detection system (focal sensor) as this 
operation gestalt is indicated by JP,6-283403,A etc. 
[0086] 

An automatic focus (automatic-focusing doubling) and auto leveling are performed by controlling Z 
location and the tilt angle of Z tilt stage 58 by the main control unit 50 through a non-illustrated 
drive system based on this calculation result at the time of scan exposure etc., computing serially 
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some of surface Z locations and amounts of inclinations of a shot field which exist in an exposure 
field based on Z location detected about each measure point from light-receiving optical-system 60b. 

[0087] 

Said main control unit 50 controls the synchronous scan of Reticle R and Wafer W, stepping of 
Wafer W, exposure timing, etc. so that it has the so-called microcomputer (or workstation) which 
consists of CPU (arithmetic and program control), ROM (read only memory), RAM (random access 
memory), etc., and various kinds of control explained until now is performed and also exposure 
actuation is performed exactly, Moreover, with this operation gestalt, a main control unit 50 carries 
out generalization control of the whole equipment besides being controlling light exposure in the 
case of scan exposure to mention later etc. 
[0088] 

A main control unit 50 specifically for example, at the time of scan exposure It synchronizes with 
Reticle R being scanned by rate VR=V in the direction (or the direction of -Y) of +Y through a 
reticle stage RST. So that Wafer W may be scanned in the direction (or the direction of +Y) of -Y to 
exposure field 42 W through X-Y stage 14 by rate VW=beta-V (projection scale factor [ as opposed 
to the wafer W from Reticle R in beta ]) Based on the measurement value of laser interferometers 
54R and 54W, the location and rate of a reticle stage RST and X-Y stage 14 are controlled 
respectively through the reticle stage mechanical component 49 and the wafer stage mechanical 
component 56, respectively. Moreover, in the case of stepping, a main control unit 50 controls the 
location of X-Y stage 14 through the wafer stage mechanical component 56 based on the 
measurement value of laser interferometer 54 W, 
[0089] 

Next, the control action of a main control unit 50 is explained as a core about the exposure sequence 
in the case of exposing a reticle pattern on the wafer W of predetermined number of sheets (N 
sheets) in the aligner 10 of this operation gestalt. 
[0090] 

First, a main control unit 50 loads the reticle R for exposure on a reticle stage RST using a non- 
illustrated reticle loader. 
[0091] 

Subsequently, while performing reticle alignment using a reticle alignment system, base-line 

measurement is performed. 

[0092] 

Next, a main control unit 50 directs exchange of Wafer W in a non-illustrated wafer conveyance 
system. Thereby, according to the wafer delivery device in which it does not illustrate on a wafer 
conveyance system and X-Y stage 14, wafer exchange (when there is no wafer on a stage, it is a 
mere wafer load) is performed, and, subsequently the alignment process of a single string of the so- 
called search alignment and fine alignment (EGA etc.) is processed Since these wafer exchange and 
wafer alignment are performed like a well-known alignerf the detailed explanation beyond this is 
omitted here, 
[0093! 

Next, it is carrying out by repeating the actuation for which Wafer W is moved to the scan starting 
position for exposure of each shot field on Wafer W (acceleration starting position), and the scan 
exposure actuation mentioned above based on an above-mentioned alignment result and shot map 
data, and a reticle pattern is imprinted to two or more shot fields on Wafer W by step - and - 
scanning method. During this scan exposure, in order that a main control unit 50 may give the target 
addition light exposure determined according to exposure conditions and resist sensibility to Wafer 
W, it gives a command to quantity of light control unit 16C, and controls the exposure quantity of 
light. 
[0094] 

Termination of the exposure to the 1st wafer W directs exchange of Wafer W in a non-illustrated 
wafer conveyance system in a main control unit 50. Thereby, according to the wafer delivery device 
in which it does not illustrate on a wafer conveyance system and X-Y stage 14, wafer exchange is 
performed and search alignment and fine alignment are henceforth performed to the wafer after the 
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exchange like the above. 
[0095] 

And a reticle pattern is imprinted by step - and - scanning method like the above by two or more shot 

fields on this wafer W. 

[0096] 

In addition, when an illuminance changes with one [ at least ] modification of exposure conditions 
and a reticle pattern, it is desirable to control at least one side of the frequency mentioned above and 
peak power so that proper light exposure may be given to Wafer W (resist). You may make it adjust 
the scan speed of Reticle R and Wafer W at this time in addition to either [ at least ] a frequency or 
peak power, 
[0097] 

As stated to the detail above, with this operation gestalt, the light outputted from the optical amplifier 
1612 is used as a fundamental wave in the wavelength conversion in the nonlinear optical crystals 
183D and 183E after the 4th step in the wavelength converter 163 which changes the light of the 
wavelength of 1546.9 nm into the light of predetermined wavelength (193, four run) gradually. For 
this reason, wavelength conversion after the 4th step (sum cycle with the 6 time wave of that 
fundamental wave and the fundamental wave acquired from the optical amplifier 1611 etc.) can be 
performed not using the fundamental wave which the output level decreased through the nonlinear 
optica] crystals 183A-183C used for several steps of wavelength conversion but using the 
fundamental wave acquired from an optical amplifier 1612. Therefore, in the light equipment of this 
operation gestalt, high wavelength conversion efficiency can be acquired compared with 
conventional light equipment. 
[0098] 

If it says, since the fundamental wave acquired from other optical amplifiers 1612 will be used for 
wavelength conversion using the fundamental wave after the 4th step, it becomes unnecessary 
conversely, to raise the output level of the fundamental wave of an optical amplifier 1611 to the level 
for using for the wavelength conversion after the 4th step. Therefore, in the light equipment of this 
operation gestalt, the peak power of the output of the optical amplifier 161 1 used for the 1st step of 
wavelength conversion can be controlled. There is a merit that wavelength of the light outputted 
from an optical amplifier 1611 can be further narrow-band-ized if peak power is controlled, and this 
light equipment 16 becomes useful especially at the equipment which requires the light of the 
wavelength of narrow-bands including an aligner 10. 
[0099] 

Moreover, according to the aligner 10 of the operation gestalt of**** 1, since the illumination light 
IL of high brightness can be irradiated in scan exposure at Reticle R, the pattern formed in Reticle R 
can be efficiently imprinted with a sufficient precision to Wafer W. 
[0100] 

In addition, with the above-mentioned operation gestalt, light equipment 16 may be equipped with 
the two pulsed light generating sections 160 equipped with laser light source 160A as a source of 
supply of each light of two optical amplifiers 1611 and 1612, as a source of supply of each light of 
two optical amplifiers 1611 and 1612 although it has only the one pulsed light generating section 
160. It cannot be overemphasized that light equipment 16 does not need to be equipped with the 
optical divider 1 65 in that case. 
[0101] 

Moreover, although the optical amplifier which outputs a fundamental wave to the wavelength 
converter 163 was made into two of optical amplifiers 1611 and 1612 with the above-mentioned 
operation gestalt, this invention is not limited to this and you may have three or more optica) 
amplifiers. The configuration of the wavelength converter 163 in case it has three optical amplifiers 
is shown in drawing 5 . In addition, light equipment 16 shall be further equipped with an optical 
amplifier 1613 as 3rd optical amplifier here, You may make it an optical amplifier 1613 input a 
branched light in the optical divider 165 like optica! amplifiers 1611 and 1612, and may make it 
input the light outputted from another pulsed light generating section which is different in the pulsed 
light generating section 160. 
[0102] 
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As shown in drawing 5 , this wavelength converter 163 is the same as the wavelength converter 163 
of drawing 4 in the point of carrying out wavelength conversion of said amplified pulsed light (light 
of 1546.9 nm wavelength) those 8 times at a higher harmonic, and generating the pulse ultraviolet 
radiation which is the oscillation wavelength and abbreviation same wavelength (193. four nm) of 
Ai'F excimer laser including two or more nonlinear optical crystals, 
[0103] 

In the wavelength converter 163 of drawing 5 , wavelength conversion is performed like the 
wavelength converter 163 shown in drawing 4 in order of a flindamental-wave (1546,9 nm 
wavelength) ->2 time wave (773.5 nm wavelength) ->3 time wave (515.6 nm wavelength) ->6 time 
wave (257=8 nm wavelength) ->7 time wave (221,0 nm wavelength) ->8 time wave (193.4 run 
wavelength). And in the wavelength converter 163 of drawing 5 , since the configuration and 
actuation of each element to nonlinear optical crystal 183D from which a wave is obtained 7 times 
are the same as that of the wavelength converter 163 of drawing 4 , those explanation is omitted. 
[0104] 

As shown in drawing 5 , through condenser lens 182F ? the 7 time wave obtained by nonlinear optical 
crystal 183D is compounded by the light and the same axle which were outputted from the optical 
amplifier 1613 by dichroic-mirror 185B, and passed condenser lens 182G, and carries out incidence 
to nonlinear optical crystal 183E. 
[01051 

L J 

As the 5th step of nonlinear optical crystal 183E 5 6OCsLiB10 (CLBO) crystal is used and a wave 
(wavelength of 193.4nm) is obtained 8 times by the sum frequency generation of a fundamental 
wave and a 7 time wave. 
[0106] 

As stated above, the wavelength converter 163 of drawing_5 is inputted from an optical amplifier 
1612 as a fundamental wave by which incidence is earned out to the 5th step of nonlinear optical 
ciystal 183E, and not the fundamental wave that passed the 4th step of nonlinear optical crystal 
183D but the fundamental wave inputted from the optical amplifier 1613 is used. Therefore, the 5th 
step of wavelength conversion can be performed not using the fundamental wave which the output 
level decreased through nonlinear optical crystal 183D but using the fundamental wave acquired 
from an optical amplifier 1613, Therefore, if the wavelength converter 163 of drawing 5 is used, still 
higher wavelength conversion efficiency can be acquired [ rather than ] using the wavelength 
converter 163 of drawing 4 . Moreover, since it becomes unnecessary for the wavelength converter 
163 of drawing 5 to establish the path which the number of dichroic mirrors can be reduced [ path ] 
( drawing 4 three -> 2 of dichroic mirrors 185 A, 185B, and 185E), and detours a fundamental wave 
to a wave 7 times compared with the wavelength converter 163 of drawing_4 , it can be considered as 
an easy configuration. In addition, it becomes possible by using the cylindrical-lens pair for Walk-off 
amendment after nonlinear optical crystals 183C and 183D, and performing beam plastic surgery as 
mentioned above, to raise the effectiveness of wavelength conversion further. Also in the path of 
other light, a wavelength plate and a cylindrical-lens pair can be used suitably. 
[0107] 

Moreover, in addition to this in the configuration of the wavelength converter 163, various 
modifications can be considered. The modification of the configuration of the wavelength converter 
163 is shown in drawing. 6 . In the wavelength converter 163 shown in drawing. 6 (a) and drawing 6 
(b), wavelength conversion is performed in order of a fundamental -wave (1546.9 run wavelength) - 
>2 time wave (773.5 nm wavelength) ->3 time wave (515.6 nm wavelength) ->4 time wave (386.7 
nm wavelength) ->7 time wave (221.0 nm wavelength) ->8 time wave (193.4 nm wavelength). In 
addition, in the wavelength converter 163 of drawing 6 (a), since the configuration to nonlinear 
optical crystal 183B from which a wave is obtained 3 times is the same as that of the wavelength 
converter 163 of drawin g 4 , those explanation is omitted. 
[0108] 

As shown in drawing 6 (a), the fundamental wave penetrated without carrying out wavelength 
conversion by nonlinear optical crystal 183B and the 3 time wave generated in wavelength 
conversion of nonlinear optical crystal 183B pass condenser lens 182C, and it carries out incidence 
to the 3rd step of nonlinear optical crystal 183C. And a 4 times [ 4omega (wavelength is one fourth 
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of 386.7nm) ], i.e., frequency, as many 4 time wave as the frequency omega of a fundamental wave 
occurs by the sum frequency generation of the fundamental wave and 3 time wave. As the 3rd step 
of this nonlinear optical crystal 183C, 40(B03) GdxYl-xCa3 (GdYCOB) crystal is used, for 
example, NCPM (Non-Critical Phase Matching) is used also in GdYCOB. 
[0109] 

Next, incidence of the 3 time wave penetrated without carrving out wavelength conversion and the 4 
time wave generated in wavelength conversion of nonlinear optical crystal 183C is carried out to the 
4th step of nonlinear optical crystal 183D through condenser lens 182D by nonlinear optical crystal 
183C. And in case a wave and a 4 time wave pass the 4th step of this nonlinear optical crystal 1 83D 
these 3 times, a 7 times [ 7omega (wavelength is one seventh of 221.0nm) ], i.e., frequency, as many 
7 time wave as the frequency omega of a fundamental wave occurs by the sum frequency generation 
of a wave and a 4 time wave those 3 times. As the 4th step of this nonlinear optical crystal 183D, 
20beta-BaB 4 (BBO) crystal is used, for example, 
[0110] 

It is reflected by dichroic-mirror 185A after passage, and the 7 time wave obtained by nonlinear 
optical crystal 183D is compounded by the fundamental wave of 1546,9 run (frequency omega) 
wavelength and the same axle which were outputted from the optical amplifier 1612, and carries out 
incidence of the condenser lens 182E to the 5th step of nonlinear optical crystal 183E. 
[0111] 

As the 5th step of nonlinear optical crystal 183E, 6OCsLiB10 (CLBO) crystal is used and a wave 
(wavelength of 193,4nm) is obtained 8 times by the sum frequency generation of the fundamental 
wave and 7 time wave. In the above-mentioned configuration, it is also possible to use 30CsB5 
(CBO) crystal instead of CLBO crystal 183E for 8 time wave generating. 
[0112] 

In the wavelength converter 163 shown in drawing 6 (a) constituted as mentioned above, the light of 
the 193.4 nm target wavelength is obtained by carrying out wavelength conversion of the 
fundamental wave (1546,9 nm wavelength) amplified by optical amplifiers 161 1 and 1612. 
[0113] 

Moreover, in the wavelength converter 163 shown in dra wing 6 (b), since a configuration and 
actuation unti l it obtains a wave 6 times are the same as that of the wavelength converter 163 of 
drawing 4 , those explanation is omitted. As shown in drawing 6 (b), incidence of the fundamental 
wave of the 1546.9 nm (frequency omega) wavelength outputted from the optical amplifier 1612 is 
carried out to the 4th step of nonlinear optical crystal 183D through condenser lens 182E. In case this 
fundamental wave passes this nonlinear optical crystal 183D, the twice of the frequency omega of 
that fundamental wave, i.e., 2 double wave with a frequency of 2omega (wavelength is one half of 
773. 5nm), occur by the secondary harmonic generation. 
[0114] 

As the 4th step of this nonlinear optical crystal 183D, 30LiB5 (LBO) crystal is used and the 
approach by the temperature control of an LBO crystal and NCPM (Non-Critical Phase Matching) 
are used for the phase matching for carrying out wavelength conversion of that fundamental wave at 
2 double wave. 
[0115] 

It is reflected by dichroic-mirror 185 A after passing condenser lens 1 82D, and the 6 time wave 
obtained by nonlinear optical crystal 183C is compounded by 2 double wave and the same axle 
which were generated in nonlinear optical ciystal 183D, and carries out incidence to the 5th step of 
nonlinear optical crystal 183E. 
[0116] 

As the 5th step of nonlinear optical crystal 183E, 20beta-BaB 4 (BBO) crystal is used 5 and a wave 
(wavelength of 193.4nm) is obtained 8 times by the sum frequency generation of the 2 double wave 
and 6 time wave. 
[0117] 

In the wavelength converter 163 shown in drawing 6 (b) constituted as mentioned above, the light of 
the 193.4 nm target wavelength is obtained by carrying out wavelength conversion of the 
fundamental wave (1546.9 nm wavelength) amplified by optical amplifiers 1611 and 1612. 
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[0118] 

Other modifications of the configuration of the wavelength converter 163 are shown in drawing 7 . 
the wavelength converter 163 shown in drawing 7 (a) — fundamental-wave (1546,9 nm wavelength) 
-> — wavelength conversion is performed in order of a wave (193.4 nm wavelength) 2 double wave 
(773,5 nm wavelength) -> 3 time wave (515,6 nm wavelength) -> 7 time wave (221,0 nm 
wavelength) -> 8 times. In the wavelength converter 163 of drawing 7 (a), since the configuration to 
nonlinear optical crystal 183B by which a wave is obtained from the place which inputs the 
fundamental wave of the 1546.9 nm (frequency omega) wavelength outputted from the optical 
amplifier 16113 times is the same as that of the wavelength converter 163 of dr awing 4 , those 
explanation is omitted. 
[0119] 

On the other hand, apart from the above-mentioned wavelength conversion, by the wavelength 
converter of drawing 7 (a) and drawing 7 (b) ? in order to obtain the 4 time wave (wavelength of 
386.7nm) used in the case of the conversion on a 7 time wave from an above-mentioned 3 time wave 
(wavelength of 515.6nm), wavelength conversion of a wave (386,7 nm wavelength) is also 
performed fundamental-wave (1546,9 nm wavelength) ->2 double wave (773.5 nm wavelength) -> 4 
times. 
[0120] 

As shown in drawing 7 (a), incidence of the fundamental wave of the 1546.9 nm (frequency omega) 
wavelength outputted from the optical amplifier 1612 is carried out to the 1st step of nonlinear 
optical crystal 183C through condenser lens 182D. In case this fundamental wave passes this 
nonlinear optical crystal 183C ? the twice of the frequency omega of that fundamental wave, i.e. 2 
double wave with a frequency of 2omega (wavelength is one half of 773. 5nm), occur by the 
secondary harmonic generation. In addition, as the 1st step of this nonlinear optical crystal 183C, an 
LBO crystal is used and the approach by the temperature control of an LBO crystal and non critical 
phase matching, i.e., NCPM, are used for the phase matching for carrying out wavelength conversion 
of that fundamental wave at 2 double wave. 
[0121] 

And in case this 2 double wave passes the 2nd step of nonlinear optical crystal 3 83D, a 4 times 
[ 4omega (wavelength is one fourth of 386. 7nm) ] s i.e., frequency, as many 4 time wave as the 
frequency omega of a fundamental wave occurs by the secondary harmonic generation. In addition, 
an LBO crystal is used as this nonlinear optical crystal 183D. 
[0122] 

It is reflected by mirror 185B and dichroic-mirror 185 A after passing condenser lens 1 82F, and the 4 
time wave obtained by nonlinear optical crystal 183D is compounded by the 3 time wave and the 
same axle which were obtained by nonlinear optical crystal 183B, and passed condenser lens 182C 5 
and carries out incidence to the 3rd step of nonlinear crystal 1 83E. A BBO crystal is used as the 3rd 
step of nonlinear optical crystal 183E. In this nonlinear optical crystal 183E, a wave (wavelength of 
221 .Onm) is obtained 7 times by the sum frequency generation of a wave and a 4 time wave 3 times, 
[0123] 

It is reflected by dichroic-mirror 185C after passing condenser lens 182H, and the 7 time wave 
obtained by nonlinear optical crystal 183E is outputted from an optical amplifier 1613, is 
compounded by the fundamental wave of 1546.9 nm (frequency omega) wavelength and the same 
axle which passed condenser lens 1821, and carries out incidence to the 4th step of nonlinear optical 
crystal 183F. 
[0124] 

As the 4th step of nonlinear optical crystal 183F, a CLBO crystal is used and a wave (wavelength of 
193.4nm) is obtained 8 times by the sum frequency generation of the fundamental wave and 7 time 
wave. 
[0125] 

In the wavelength converter 163 shown in drawin g 7 (a) constituted as mentioned above, the light of 
the 193,4 nm target wavelength is obtained by carrying out wavelength conversion of the 
fundamental wave (1546.9 nm wavelength) amplified by optical amplifiers 1611, 1612 5 and 1613, 
[0126] 
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In the wavelength converter 163 shown in drawing.! (b) The configuration to nonlinear optical 
crystal 183B by which a wave is obtained from the place which inputs the fundamental wave of the 
1546.9 nm (frequency omega) wavelength outputted from the optical amplifier 1611 3 times. The 
configuration to nonlinear optical crystal 183D by which a wave is obtained from the place which 
inputs the fundamental wave of the 1546.9 nm (frequency omega) wavelength outputted from the 
optical amplifier 1612 4 times is the same as the wavelength converter 163 of drawing 7 (a). 
[0127] 

It is obtained by the 2nd step of nonlinear optical crystal 183D, and the 4 time wave which passed 
condenser lens 182F is reflected by dichroic mirrors 185B and 185 A, Thereby, the 4 time wave is 
obtained by the 2 nd step of nonlinear optical crystal 183B, is compounded by the 3 time wave and 
the same axle which passed condenser lens 182C, and carries out incidence to the 3rd step of 
nonlinear optical crystal 183E. Thereby, in the 3rd step of nonlinear optical crystal 183E, a wave 
comes to be obtained 7 times like the wavelength converter 163 of drawing? (a). 
[0128] 

On the other hand, by being outputted from an optical amplifier 1612, dichroic-mirror 185B is 
passed, it is reflected by mirror 185D, and condenser lens 182D, nonlinear optical crystal 183C, and 
condenser lens 182E, nonlinear optical crystal 183D, and the fundamental wave that passed 
condenser lens 182F pass condenser lens 1821, and results in dichroic-mirror 185C, 
[0129] 

And it is obtained by nonlinear optical crystal 1 83E, and it is reflected by dichroic-mirror 185C, and 
the 7 time wave which passed condenser lens 182H is compounded by the fundamental wave and the 
same axle which carried out incidence from mirror 185D, and carries out incidence to the 4th step of 
nonlinear optical crystal 183F. 
[0130] 

As nonlinear optical crystal 1 83F, like the wavelength converter of drawin g 7 (a), a CLBO crystal is 
used and a wave (wavelength of 193.4nm) is obtained 8 times by the sum frequency generation of 
the fundamental wave and 7 time wave. 
[0131] 

In the wavelength converter 163 shown in drawing 7 (b) constituted as mentioned above, the light of 
the 193.4 nm target wavelength is obtained by carrying out wavelength conversion of the 
fundamental wave (1546,9 nm wavelength) amplified by optical amplifiers 1611 and 1612. 
[0132] 

As stated above, since 193.4am light can be obtained, by the wavelength converter 163 of drawi ng 7 
(a) and drawing_7 (b), wavelength conversion efficiency higher than the wavelength converter 163 of 
drawi ng 6 (a) and dr awin g 6 (b) from which the nonlinear optical crystal was constituted by five 
steps can be acquired by the four-step configuration of a nonlinear optical crystal. 
[0133] 

Moreover, although the light equipment of the above-mentioned operation gestait was equipment 
changed into light with a wavelength of about 193irrn 3 this invention is not limited to this and can be 
applied also to the light equipment changed and outputted to other wavelength, such as oscillation 
wavelength of F2 laser, and wavelength of abbreviation identitas. 
[0134] 

The configuration of the wavelength converter 163 changed into the oscillation wavelength of F2 



laser and the wavelength of abbreviation identitas is shown in drawingJS , In the wavelenj 
converter 163 shown in drawing^ s wavelength conversion is performed in order of a fundamental- 
wave (wavelength of 1576nm) ->2 time wave (wavelength of 788nm) ->3 time wave (wavelength of 
525.3n.rn) ~>6 time wave (wavelength of 262. 7nm) ~>7 time wave (wavelength of 225.1 run) ~>8 time 
wave (wavelength of 197nm) ->9 time wave (wavelength of 175 J nm) ->10 time wave (wavelength 
of 157.6nm). In addition, in the wavelength converter 163 of drawing 8 , since a configuration and 
actuation until it obtains a wave 8 times are the same as that of the wavelength converter 163 of 
drawing..5 , those explanation is omitted. Moreover, light equipment 16 shall be equipped with five 
optical amplifiers in drawing 8 (optical amplifiers 161 1-1615). 
[0135] 

As shown in drawing 8 , it is obtained by nonlinear optical crystal 183E, and the 8 time wave which 
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passed condenser lens 182H is dichroic-rnirror 185C, it is ontputted from an optical amplifier 1614, 
is compounded by the light and the same axle which passed condenser lens 1821, and carries out 
incidence to nonlinear optical crystal 183F, 
[0136] 

As the 6th step of nonlinear optical crystal 183F, a CBO crystal or KBBF (KBe2B03 F2-otassium 
Fluoroboratoberyllate) is used, and a wave (wavelength of 175.1nm) is obtained 9 times by the sum 
frequency generation of the fundamental wave and 8 time wave which carried out incidence to the 
crystal. 
[0137] 

The 9 time wave obtained by nonlinear optical crystal I83F is outputted from an optical amplifier 
1615 by dichroic-mirror 185D, is compounded by the light and the same axle which passed 
condenser lens 182K, and carries out incidence to nonlinear optical crystal 183G. As the 7th step of 
nonlinear optical ciystal 183G, BaMgF4 (BMF) crystal is used and a wave (wavelength of 157<6nm) 
is obtained 10 times by the sum frequency generation of a fundamental wave and a 9 time wave, 
[0138] 

This BMF crystal is a nonlinear optical element (henceforth a "QPM component" or a "false phase 
matching cry star') which has periodic domain reversal structure. Since a BMF crystal generates the 
sum cycle of a fundamental wave and a 9 time wave by false phase matching (QPM:Quasi-Phase 
Matching), Walk-off is not generated like the case of NCPM. 
[0139] 

As shown in drawing 9 , the direction of polarization where QPM component 183' is expressed with 
the arrow head of the space vertical direction in drawing 9 along the travelling direction of light has 
the periodic domain reversal structure where field 150A and field 150B of the opposite sense were 
formed alternation and periodically mutually. 
[0140] 

In addition, as the false phase matching crystal, the width of face lambda along the travelling 

direction of the light of field 150A and field 150B is setup as follows. 

[0141] 

In generating the 2nd higher harmonic wave using a false phase matching crystal, the absolute value 
of the wave number vector of incident light is set to kl into QPM component i 83% and it sets the 
absolute value of the wave number vector of the 2nd higher harmonic wave generated to k2, 
lambda :=: 2pi/(k2-2kl) (1) 
Be alike is determined, 
[0142] 

In generating a sum cycle, the absolute value of the wave number vector of incident light is set to k3 

and k4 into QPM component 1 83 f , and it sets the absolute value of the wave number vector of the 

sum cycle generated to k5, 

!ambda=2pi/(k5- (k3+k4)) ... (2) 

Be alike is determined. 

[0143] 

Although a wave (wavelength of 157.6nm) obtains 10 times in the wavelength converter 163 shown 
in drawing 8 using BaMgF4 (BMF) crystal as mentioned above, as for the incident light which 
carries out incidence to a BMF crystal in that case, it is desirable to consider as the 9 time wave 
instead of fundamental waves, such as 2 double wave and a 8 time wave, and a 3 time wave, a 7 time 
wave. If it does in this way, the period lambda of the BMF crystal mentioned above can be set to 
about 3 micrometers, and manufacture of a BMF crystal will become easy. In addition, if it is going 
to generate light with a wavelength of 157.6nm by the second harmonic generation for example, in a 
BMF crystal, the period of a BMF crystal will be set to about 1 micrometer. Namely, the more it 
enlarges the difference of the wavelength of two incident light, a period lambda can be lengthened 
and, the more the manufacture can be made easy. 
[0144] 

Moreover, as such QPM component 1 83% there is Xtal (henceforth the M Xtal QPM component") with 
which periodic domain reversal structure was formed of a periodic domain reversal LN (LiNb03) 
crystal (PPLN crystal), a periodic domain reversal LT (LiTa03) crystal (PPLT) crystal, a periodic 
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domain reversal KTP (KTiOP04) crystal (PPKTP crystal), and stress use. 
[0145] 

For example, the PPKTP crystal and PPLN crystal which are a false phase matching crystal may he 
used as nonlinear optical elements 183 A and 183B 2 double wave in the wavelength converter 163 
shown in drawing 4 , drawing 5 , drawing 6 (a) 5 dra wing 6 (b), dra wing 7 (a), and drawing 7 (b), and 
for 3 time wave generating, This crystal is suitable for obtaining light with a wavelength [ of a 
narrow-band ] of 193.4nm. That is ? while being able to maintain wavelength conversion efficiency 
even if it makes low peak power of optical amplifier 161 1 grade if these crystals are used, expansion 
of the spectral band width by SPM (self-phase modulation) in the inside of an erbium dope fiber can 
be controlled. 
[0146] 

« — operation gestalt [ of ** a 2nd ]» 

Next, the 2nd operation gestalt of this invention is explained based on drawing 10 - drawing 18 . 
Here, the explanation shall be omitted while using the sign same about a component the same as that 
of the 1st operation gestalt mentioned above, or equivalent. 
[01471 

The aligner in the 2nd operation gestalt differs from the configuration of the aligner with which a 
point equipped with light equipment 16 ? is shown in drawingJL instead of light equipment 16, The 
configuration of light equipment 16' concerning the 2nd operation gestalt is roughly shown in 
drawing 10 , As shown in drawing 10 , the point which light source section 16A[ of light equipment 
16 ! ]' was equipped with the pulsed light generating section 190 in addition to the pulsed light 
generating section 160, and is newly equipped with the optical amplifier 191 1 instead of the optical 
amplifier 1612 differs from light source section 16A of the light equipment 16 shown in drawing 2 . 
[0148] 

Said pulsed light generating section 190 has laser light source 190A, optical coupler BS2, optical- 
isolator 190B, electrooptical-modulator (henceforth "EOM") 190C as an optical modulator, etc. In 
addition, the optical fiber etc. connects optically between each element of a before [ from laser light 
source 190 A / the wavelength transducer 163 ]. 
[0149] 

The configuration and actuation of laser light source 190A, optical coupler BS2, optical-isolator 
190B, and EOM190C are the same as laser light source 160 A, optical coupler BS1 5 optical-isolator 
160B, and EOM160C. However, as laser light source 190A, narrow-band (ITTORIB IUMU Yb) 
addition DFB fiber laser with an oscillation wavelength of 1030nm - 1 120nm or single wavelength 
oscillation DFB semiconductor laser is used, for example. "DFB semiconductor laser 190 A" shall 
call laser light source 190A suitably for below. 
[0150] 

Although the configuration of an optical amplifier 191 1 is almost the same as the configuration of an 
optical amplifier 161 1, the optical fiber with which not an erbium (Er) but the ytterbium (Yb) was 
doped by high density is used for the core of the optical fiber for magnification with which the 
interior is equipped. That is, this optical amplifier 1911 is an ytterbium dope fiber optical amplifier. 
In addition, the bandwidth of this optical amplifier 1911 is 1030nm or more 1 120nm or less. 
[0151] 

Said beam monitor device 164 carries out the monitor of the energy of laser light source 160A and 
laser light source 19GA, detects the energy power of those laser beams based on the output of the 
energy monitor, and controls the quantity of light of the laser beam oscillated by the DFB 
semiconductor laser 160A and 190 A through laser control unit 16B by the main control unit 50 if 
needed. 
[0152] 

Moreover, in quantity of light control-device 16C, feedback control of the drive current of each 
semiconductor laser 1781 and 1782 for excitation of optical amplifiers 1611 and 1911 is carried out 
so that the optical output from each optical fiber amplifier 167 of optical amplifiers 161 1 and 191 1 
may become fixed (that is, it balances like). 
[0153] 

Said wavelength converter 163 performs wavelength conversion which makes the amplified pulsed 
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light, Le, ? light with a wavelength of 1 105nm, the 1st fundamental wave Including two or more 
nonlinear optical crystals, and makes light of 1546.9 nni wavelength the 2nd fundamental wave, and 
generates the pulse ultraviolet radiation of the same output wavelength (193. four nrn) as ArF 
excimer laser. 
[0154] 

In addition, in drawing 10 , although only the erbium dope fiber optical amplifier 1611 and the 
ytterbium dope fiber optical amplifier 1911 are illustrated, according to the configuration of the 
wavelength converter 1 63 mentioned later, you may have two or more these, in addition — the case 
where it has two or more erbium dope fiber optical amplifiers — 161 1 and 1612 as — the case 
where a reference number is given and it has two or more ytterbium dope fiber optical amplifiers — 
1911 and 1912 ... as — a reference number shall be given moreover — as a source of supply of each 
light of two optical amplifiers 1611 and 191 1 although [ drawing.. 10 / light equipment 16 f ] it has 
only the one pulsed light generating sections 160 and 190 — two optical amplifiers 3 611 and 1612 
and 1911 and 1912 — you may have two or more pulsed light generating sections 160 and 190 
equipped with laser light sources 160 A and 190 A as a source of supply of each light of ... 
[0155] 

An example of the configuration of this wavelength converter 163 is shown in drawing 1 1 and 
drawing 12 . Here, the example of the wavelength converter 163 is explained based on these 
drawings. 
[0156] 

In the wavelength converter 163 of drawing 1 1 (a), drawing 11 (b), drawing 12 (a), and drawing 12 
(b), the pulse ultraviolet radiation of the same output wavelength (193, four nm) as ArF excimer 
laser is obtained by the sum frequency generation of the 5 time wave and the 2nd fundamental wave 
(1546.9 run wavelength) of the 1st fundamental wave (wavelength of 1 105nm), 
[0157] 

If this is explained further in full detail, as shown in drawing 1 1 (a) 5 incidence of the 1st fundamental 
wave with a wavelength of 1 105nm (frequency omega 1) outputted from the optical amplifier 191 1 
will be carried out to the 1st step of nonlinear optical crystal 183A through condenser lens 182A, In 
case this 1st fundamental wave passes this nonlinear optical crystal 183 A, 2 double wave of 1 
(wavelength is one half of 552.5nm) occurs the twice of 2omega of the frequency omega 1 of that 1st 
fundamental wave, i.e., a frequency, by the secondary harmonic generation. 
[0158] 

As the 1st step of this nonlinear optical crystal 183 A 3 30LiB5 (LBO) crystal is used and the 
approach by the temperature control of an LBO crystal and NCPM (Non-Critical Phase Matching) 
are used for the phase matching for carrying out wavelength conversion of that fundamental wave at 
2 double wave. Although the 1st fundamental wave penetrated without carrying out wavelength 
conversion by nonlinear optical crystal 183 A is reflected by dichroic-mirror 185A ; 2 double wave 
generated in wavelength conversion of nonlinear optical crystal 183 A penetrates dichroic-mirror 
i 85A, and it carries out incidence to nonlinear optical crystal 1 83B through condenser lens 1 82B. 
[0159] 

In case this 2 double wave passes this nonlinear optical crystal 183B, the 4 time wave of 1 
(wavelength is one fourth of 276. 3nm) occurs 4 times of 4omega of the frequency omega 1 of that 
1st fundamental wave, i.e,, a frequency, by the secondary harmonic generation. In addition, 
6OCsLiB10 (CLBO) crystal is used as the 2nd step of nonlinear optical crystal 183B. 
[0160] 

It is reflected by mirror 185C and the 1st fundamental wave reflected by dichroic-mirror 185 A 
penetrates dichroic-mirror 185D through condenser lens 182D. And it is reflected by mirror 185B, it 
is reflected by dichroic-mirror 185D through condenser lens I82C, and the 4 time wave generated in 
nonlinear optical crystal 183B is compounded by the 1st fundamental wave and the same axle, and 
carries out incidence to the 3rd step of nonlinear optical crystal 183C. 
[0161] 

6OCsLiB10 (CLBO) crystal is used as the 3rd step of nonlinear optical crystal 183C. In this 
nonlinear optical crystal 183C, the 5 time wave (wavelength of 221.0nm) of the 1st fundamental 
wave is obtained by the sum frequency generation of the 4 time wave and the 1st fundamental wave 



http://www4.ipdl.ncipi.go .jp/cgi-bin/tran_web cgi_ejje 1/23/2007 



JP,2G04~086193,A [DETAILED DESCRIPTION] 



Page 2 1 of 32 



of the 1st fundamental wave. 
[0162] 

Dichroie-mirror 185E reflects condenser lens 182E after passage, and the 5 time wave obtained by 
nonlinear optica! crystal 183C is compounded by the 2nd fundamental wave of 1546,9 nm 
(frequency omega 2) wavelength and the same axle which were outputted from the optical amplifier 
1611 and passed condenser lens 182F, and carries out incidence to the 4th step of nonlinear optical 
crystal 183D, 6OCsLiB10 (CLBO) crystal is used as the 4th step of nonlinear optical crystal 183D. 
In this nonlinear optical crystal 183D, light with a wavelength of 193. 4nm is obtained by the sum 
frequency generation of the 5 time wave and the 2nd fundamental wave of the 1st fundamental wave. 

[0163] 

Moreover, as shown in drawing 1 1 (b), incidence of the 1st fundamental wave with a wavelength of 
1 105 rum (frequency omega 1) outputted from the optical amplifier 1911 is carried out to the 1st step 
of nonlinear optical crystal 183 A through condenser lens 182A. In case this 1st fundamental wave 
passes this nonlinear optical crystal 183 A, 2 double wave of that 1st fundamental wave occurs by the 
secondary harmonic generation. As the 1st step of this nonlinear optical crystal 183 A, L1B305 
(LBO) crystal is used like the wavelength converter 163 of drawin g 11 (a). 
[0164] 

Incidence of the 1st fundamental wave penetrated without carrying out wavelength conversion and 
the 2 double wave generated in wavelength conversion of nonlinear optical crystal 183 A is earned 
out to nonlinear optical crystal 1 83B through condenser lens 182B by nonlinear optical crystal 183 A. 
In case this 2 double wave passes this nonlinear optical crystal 183B, the 4 time wave of the 
frequency omega 1 of that 1 st fundamental wave occurs by the secondary harmonic generation. In 
addition, 6OCsLiB10 (CLBO) crystal is used as the 2nd step of nonlinear optical crystal 183B. 
[0165] 

It is reflected by dichroic-mirror 185 A after passing condenser lens 182C, and the 4 time wave 
obtained by nonlinear optical crystal 183B is outputted from an optical amplifier 1912, is 
compounded by the 1st fundamental wave with a wavelength of 1 105nm (frequency omega 1) and 
the same axle which passed condenser lens 182D, and carries out incidence to the 3rd step of 
nonlinear optical crystal 183C. 6OCsLiB10 (CLBO) crystal is used as the 3rd step of nonlinear 
optical crystal 183C. In this nonlinear optical crystal 183C, the 5 time wave (wavelength of 
221.0nm) of the 1st fundamental wave is obtained by the sum frequency generation of the 4 time 
wave and the 1st fundamental wave of the 1st fundamental wave, 
[0166] 

Dichroic-mirror 185B reflects condenser lens 182E after passage, and the 5 time wave obtained by 
nonlinear optical crystal 183C is outputted from an optical amplifier 161 1, is compounded by the 
2nd fundamental wave of 1546.9 nm (frequency omega 2) wavelength and the same axle which 
passed condenser lens 182F, and carries out incidence to the 4th step of nonlinear optical crystal 
183D. 6OCsLiB10 (CLBO) crystal is used as the 4th step of nonlinear optical crystal 1 83D. In this 
nonlinear optical crystal 183D, light with a wavelength of 193.4nm is obtained by the sum frequency 
generation of the 5 time wave and the 2nd fundamental wave of the 1st fundamental wave, 
[0167] 

Moreover, as shown in drawing 12 (a), incidence of the 1st fundamental wave with a wavelength of 
1 105nm (frequency omega 1) outputted from the optical amplifier 191 1 is earned out to the 1st step 
of nonlinear optical crystal 1 83 A through condenser lens 182A. In case this 1st fundamental wave 
passes this nonlinear optical crystal 183 A, 2 double wave of 1 (wavelength is one half of 552. 5nm) 
occurs the twice of 2omega of the frequency omega 3 of that 1st fundamental wave, i.e., a frequency, 
by the secondary harmonic generation. 30L1B5 (LBO) crystal is used as the 1st step of this nonlinear 
optical crystal 183 A. 
[0168] 

Dichroic-mirror 185 A reflects condenser lens 182B after passage, and 2 double wave of the 1st 
fundamental wave acquired by nonlinear optical crystal 183 A is outputted from an optical amplifier 
161 1, is compounded by the 2nd fundamental wave of 1546,9 nm (frequency omega 2) wavelength 
and the same axle which passed condenser lens 182C, and carries out incidence to the 2nd step of 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/23/2007 



JP,2004-086193,A [DETAILED DESCRIPTION] 



Page 22 of 32 



nonlinear optical crystal 183B, As the 2nd step of nonlinear optical crystal 183B 5 the above- 
mentioned PPKTP crystal which is a false phase matching crystal is used. In this nonlinear optical 
crystal 183B, 2 double wave of the 1st fundamental wave and the sum cycle (wavelength of 
407.1 nm) of the 2nd fundamental wave are obtained by the sum frequency generation of 2 double 
wave of the 1st fundamental wave, and the 2nd fundamental wave, 
[0169] 

Incidence of the sum cycle generated in wavelength conversion of nonlinear optical crystal 183B is 

carried out to nonlinear optical crystal 183C through condenser lens 182D. 

[0170] 

In case this sum cycle passes this nonlinear optical crystal 183C, the sum cycle (wavelength is 
234.4nml of the 4 time wave and the 2nd fundamental wave of the 1st fundamental wave occurs. In 
addition, a BBO crystal is used as the 3rd step of nonlinear optical crystal 183C. 
[0171] 

Dichroic-mirror 185B reflects condenser lens 182E after passage, and the sum cycle of the 4 time 
wave of the 1st fundamental wave and the 2nd fundamental wave which were acquired by nonlinear 
optical crystal 183C is outputted from an optical amplifier 1912, is compounded by the 1st 
fundamental wave with a wavelength of 1 105nm (frequency omega 1) and the same axle which 
passed condenser lens 182F 5 and carries out incidence to the 4th step of nonlinear optical crystal 
183D. 
[0172] 

6OCsLiB10 (CLBO) crystal is used as the 4th step of nonlinear optical crystal 183D, In this 
nonlinear optical crystal 183D, the sum cycle (wavelength of 193.4nm) of the 5 time wave and the 
2nd fundamental wave of the 1st fundamental wave is obtained. 
[0173] 

Moreover, as shown in dra win g 12 (b), incidence of the 1st fundamental wave with a wavelength of 
1 105um (frequency omega 1) outputted from the optical amplifier 1911 is carried out to the 1st step 
of nonlinear optical crystal 183 A through condenser lens 1 82 A. In case this 1st fundamental wave 
passes this nonlinear optical crystal 183 A, 2 double wave of 1 (wavelength is one half of 552. Sum) 
occurs the twice of 2omega of the frequency omega 1 of that 1st fundamental wave, i.e., a frequency, 
by the secondary harmonic generation. 30L1B5 (LBO) crystal is used as the 1st step of this nonlinear 
optical crystal 183 A. 
[0174] 

It is reflected by dichroic-mirror 1 85 A, dichroic-mirror 185C reflects condenser lens 182B after 
passage, and 2 double wave of the 1st fundamental wave acquired by nonlinear optical crystal 183 A 
is outputted from an optical amplifier 161 1, is compounded by the 2nd fundamental wave of 1546.9 
nm (frequency omega 2) wavelength and the same axle which passed condenser lens 182C, and 
carries out incidence to the 2nd step of nonlinear optical crystal i 83B, As the 2nd step of nonlinear 
optical crystal 183B, the above-mentioned PPKTP crystal which is a false phase matching crystal is 
used. In this nonlinear optical crystal 183B, 2 double wave of the 1st fundamental wave and the sum 
cycle (wavelength of 407. lnm) of the 2nd fundamental wave are obtained by the sum frequency 
generation of 2 double wave of the 1st fundamental wave, and the 2nd fundamental wave. Incidence 
of the sum cycle generated in wavelength conversion of nonlinear optical crystal 183B is earned out 
to nonlinear optical crystal 183C through condenser lens 182D. <BR> [0175] 
In case this sum cycle passes this nonlinear optical crystal 183C, the sum cycle (wavelength is 
234.4nm) of the 4 time wave and the 2nd fundamental wave of the 1st fundamental wave occurs. In 
addition, a BBO crystal is used as the 3rd step of nonlinear optical crystal 183C. 
[0176] 

On the other hand, it is reflected by mirror 185B, and the 1st fundamental wave which passed 
dichroic-mirror 185 A passes condenser lens 182F, and they carry out incidence to dichroic-mirror 
185D. The sum cycle of the 4 time wave of the 1st fundamental wave and the 2nd fundamental wave 
which were acquired by nonlinear optical crystal 1 83C is compounded by the 1st fundamental wave 
and same axle after passage, and carries out incidence of the condenser lens 182E to the 4th step of 
nonlinear optical crystal 183D. 6OCsLiB10 (CLBO) crystal is used as the 4th step of nonlinear 
optical crystal 1 83D. In this nonlinear optical crystal 183D, the sum cycle (wavelength of 193. 4nm) 
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of the 5 time wave and the 2nd fundamental wave of the 1st fundamental wave is obtained, 
[0177] 

In the wavelength converter 163 constituted as mentioned above, the light of the 193.4 nm target 
wavelength is obtained by carrying out wavelength conversion by making into incident light the 1 st 
fundamental wave (1 105.0 nm wavelength) outputted from the optical amplifier 191 1 etc., and the 
2nd fundamental wave (1546.9 nm wavelength) outputted from the optical amplifier 161 1 etc. 

[0178] 

Since the include-angie gap (Walk-off) with the 1st fundamental wave and its 2nd higher harmonic 
does not take place within nonlinear optical crystal 183B in using NH4H2P04 (ADP) crystal as the 
2nd step of nonlinear optical crystal 183B, it becomes unnecessary in addition, to constitute the path 
for the 1st fundamental -wave detour of drawing 1 1 (a) of dichroic-mirror 185A-> mirror 185C-> 
condenser lens 1 82D-> dichroic-mirror 185D. Therefore, w r hen using NH4H2P04 (ADP) crystal as 
the 2nd step of nonlinear optical crystal 183B, the wavelength converter 163 can be considered as a 
configuration as shown in drayylng 13 . 
[0179] 

As stated above, in drawing 11 (a), drawin g 1 1 (b), drawing. 12 (a), dra wing 12 (b), and the 
wavelength converter 163 as shown in drawing 13 , the pulse ultraviolet radiation of the same output 
wavelength (193. four nm) as ArF excimer laser can be obtained bv the four-step configuration (four 
steps of Wavelength conversion) of a nonlinear optical crystal by the sum frequency generation of the 
5 time wave and the 2nd fundamental wave (1546.9 nm wavelength) of the 1st fundamental wave 
(wavelength of 1 105nrn). Therefore, with the operation gestalt of **** 2, since only the light 
outputted in the number of phases of wavelength conversion from the erbium dope fiber optical 
ampli fier shown in drawing 4 etc. can be reduced in 5-4 phase of the wavelength conversion made 
into a fundamental wave, there is an advantage that wavelength conversion efficiency can be made 
still higher. 
[0180] 

In addition, in drawi ng 1 1 (a), dravvingj l (b), dmwi.ng.1.2 (a), drawing. 12 (b), and the wavelength 
transducer 163 that has a configuration as shown in drawing 13 , the light outputted from the fiber 
optical amplifier with which Tm (thulium) or Ho (HOROMIUMU) was added may be used as the 
2nd fundamental wave instead of the light outputted from an erbium dope fiber optical amplifier. It 
is not the erbium dope fiber optical amplifier whose output wavelength is 1.5-micrometer band as 
mentioned above. When output wavelength applies the thulium (or HOROMIUMU) dope fiber 
optical amplifier which is 2-micrometer band The wavelength of the light outputted from an 
ytterbium dope fiber optical amplifier When it is set to lQ70nm and an ytterbium dope fiber optical 
amplifier outputs the light of this wavelength region, the cross section of fluorescence can be 
enlarged and it becomes advantageous to magnification of high peak power from the case where 
output wavelength is 1 i05nm, 
[0181] 

moreover, the wavelength converter 163 mentioned above — the oscillation wavelength of ArF 
excimer laser, and abbreviation — although the light of the same wavelength (193.4nm) was 
obtained, if the configuration of this wavelength convener 163 is changed with the operation gestalt 
of**** 2 — the oscillation wavelength (about 248nm) of KrF excimer laser, the oscillation 
wavelength (about 157nm) of F2 laser, and abbreviation — the same wavelength can also be obtained 
now. 
[0182] 

drawing 14 — the sum frequency generation of the 3 time wave of the 1st fundamental wave 
(wavelength of 1095nm), and 2 double wave of the 2nd fundamental wave (1546,9 nm wavelength) - 
- the oscillation wavelength of KrF excimer laser, and abbreviation - the configuration of the 
wavelength converter 163 which generates and outputs the same wavelength of 248nm is shown. As 
shown in drawing 1.4 , incidence of the 1st fundamental wave with a wavelength of 1095nm 
(frequency omega 1) outputted from the optical amplifier 191 1 is earned out to the 1st step of 
nonlinear optical crystal 183 A through condenser lens 1 82A, In case this 1st fundamental wave 
passes this nonlinear optical crystal 183 A, 2 double wave of 1 (wavelength is one half of 547, 5nm) 
occurs the twice of 2omega of the frequency omega 1 of that 1st fundamental wave, i.e., a frequency, 
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by the secondary harmonic generation. As the 1st step of this nonlinear optica! crystal 183 A, 
30LiB5 (LBO) crystal is used and the approach by the temperature control of an LBO crystal and 
NCPM (Non-Critical Phase Matching) are used for the phase matching for carrying out wavelength 
conversion of that fundamental wave at 2 double wave. 
[0183] 

As for the 1 si fundamental wave penetrated without carrying out wavelength conversion by 
nonlinear optical crystal 183 A, and its 2 double wave generated in wavelength conversion of 
nonlinear optical crystal 183 A, the half-wave length and one wave of delay is given with the 
wavelength piate 184 of the next step, respectively, And the polarization direction comes to rotate 
only the 1 st fundamental wave 90 degrees. Thereby, the polarization direction of the 1 st fundamental 
wave and its 2 double wave comes to be in agreement. After the 1st fundamental wave which passed 
the wavelength plate 184, and its 2 double wave mind condenser lens 182B, incidence of them is 
carried out to the 2nd step of nonlinear optical crystal 183B* The LBO crystal with which phase 
matching is performed by NCPM as the 2nd step of nonlinear optical crystal 183B at different 
temperature from the 1st step of nonlinear optical crystal (LBO crystal) 183A is used. In this 
nonlinear optical crystal 183B, a wave (wavelength of 365. Onm) is obtained 3 times by the sum 
frequency generation of 2 double wave generated in the 1st step of nonlinear optical crystal 183 A, 
and the fundamental wave which penetrated that nonlinear optical crystal 1 83 A, without carrying out 
wavelength conversion. 
[0184] 

Incidence of the 2nd fundamental wave of the 1546.9 nm (frequency omega 2) wavelength outputted 
from the optical amplifier 161 1 is carried out to the 3rd step of nonlinear optical crystal 183C. In 
case this 2nd fundamental wave passes this nonlinear optical crystal 183C, 2 double wave of 2 
(wavelength is one half of 773, 5nm) occurs the twice of 2omega of the frequency omega 2 of that 
2nd fundamental wave, i.e.. a frequency, by the secondary harmonic generation. 
[0185] 

It is reflected by dichroic-mirror 185 A after passing condenser lens 182C, and the 3 time wave of the 
1st fundamental wave acquired by nonlinear optical crystal 183B is compounded by 2 double wave 
and the same axle of the 2nd fundamental wave which were generated in nonlinear optical crystal 
183C, and carries out incidence to the 4th step of nonlinear optical crystal 183D. 6OCsLiB10 
(CLBO) crystal is used as the 4th step of nonlinear optical crystal 1 83D. In this nonlinear optical 
crystal 183D, light with a wavelength of 248. Onm is obtained by the sum frequency generation with 
2 double wave of the 3 time wave and the 2nd fundamental wave of the 1st fundamental wave. In 
addition, since there is little wavelength conversion in this wavelength converter 163 as a three- 
stage, high wavelength conversion efficiency is acquired. Moreover, since a wavelength transducer 
can be constituted only from a tolerant high crystal, light with a high output level can be obtained. 
[0186] 

drawin g 15 — the sum frequency generation of the 5 time wave of the 1st fundamental wave 
(wavelength of 1 1 19nm) 5 and the 3 time wave of the 2nd fundamental wave ( wavelength of 1599nm) 
— the oscillation wavelength of F2 laser, and abbreviation — the configuration of the wavelength 
converter 163 which generates and outputs the same wavelength of 157.6nm is shown. As shown in 
drawing. 15 , in nonlinear optical crystal 183D, the configuration until light with a wavelength of 
193,4nm is obtained by the sum frequency generation of the 5 time wave and the 2nd fundamental 
wave of the 1st fundamental wave is the same as the configuration of the wavelength converter 
shown in drawing 11 (a). However, in drawing J 5 , wavelength of the 1st fundamental wave inputted 
from an optical amplifier 191 1 is set to 1 1 19run, and the wavelength of the 2nd fundamental wave 
inputted from optical amplifiers 1611-1613 presupposes that it is 1599nm. 
[0187] 

It is reflected by dichroic-mirror 185F after passing condenser lens 182G, and the sum cycle of the 5 
time wave of the 1st fundamental wave and the 2nd fundamental wave which were generated in 
nonlinear optical crystal 183D is compounded by the 2nd fundamental wave with a wavelength of 
1599nm (frequency omega 2) and the same axle which were outputted from the optical amplifier 
1612 and passed condenser lens 1 82H, and carries out incidence to the 5th step of nonlinear optica! 
crystal 183E. 
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[01881 

A CBO crystal is used as the 5th step of nonlinear optical crystal 183E. In this nonlinear optical 
crystal 183E 5 a sum cycle (wavelength of 174. 8nm) with 2 double wave of the 5 time wave and the 
2nd fundamental wave of the 1st fundamental wave is obtained, In addition, it is also possible to use 
a KBBF crystal instead of CBO crystal 183E. 
[0189] 

Dichroic-mirror 1 85G reflect condenser lens 1821 after passage., and the sum cycle of the 5 time 
wave of the 1st fundamental wave and 2 double wave of the 2nd fundamental wave which were 
generated in nonlinear optical crystal 183E is compounded by the 2nd fundamental wave with a 
wavelength of 1599nrn (frequency omega 2) and the same axie which were outputted from the 
optical amplifier 1613 and passed condenser lens 182J, and carries out incidence to the 6th step of 
nonlinear optical crystal 183F. In nonlinear optical crystal 183F ? a sum cycle (wavelength of 
157.6nm) with the 3 time wave of the 5 time wave and the 2nd fundamental wave of the 1st 
fundamental wave is obtained. In addition, the above-mentioned BMP crystal which is a false phase 
matching crystal is used for nonlinear optical crystal 183F. In addition, since the BMF crystal makes 
incident light light which is two from which wavelength called the sum cycle (174.8nm) of the 2nd 
fundamental wave (1599rtrn) and 2 double wave of the 5 time wa ve and the 2nd fundamental wave 
of the 1st fundamental wave differs remarkably, it can set the period lambda of a BMF crystal to 
about 3 micrometers, and it becomes easy to manufacture [ of a BMF crystal ] it also here. 
[0190] 

As stated to the detail above, since the light of wavelength other than the higher harmonic of those 
wavelength can be made now by making into incident light light (the 1st fundamental wave, the 2nd 
fundamental wave) which is two from which wavelength differs, with the light equipment of the 
operation gestalt of**** 2, the selection range of the wavelength of the light to output can be 
extended. Only by the wavelength conversion which makes a fundamental wave light outputted only 
from the erbium dope fiber optical amplifier or the ytterbium dope fiber optical amplifier, although 
especially the light of the oscillation wavelength of KrF excimer laser and the wavelength of 
abbreviation identitas was the light of the wavelength which cannot be made, it became possible 
[ making the light of this wavelength ] by wavelength conversion using the wavelength converter 
163 grade shown in drawing 14 , 
[0191] 

In addition, in the light equipment of this operation gestalt, the erbium dope fiber optical amplifier 
was used as optical output equipment which outputs the 2nd fundamental wave, using an ytterbium 
dope fiber amplifier as optical output equipment which outputs the 1st fundamental wave. Compared 
with an erbium, high concentration addition of 10 or more times is possible for an ytterbium. 
Therefore, an ytterbium dope fiber becomes possible [ short-length-izing ] from an erbium dope 
fiber. If a fiber is short- length-ized, since it will be hard coming to generate Raman scattering and 4 
light-wave mixing, it becomes possible to obtain high peak power, and the effect of the spectrum 
flare by SPM (self-phase modulation) generated in a fiber also decreases. With an ytterbium dope 
fiber optical amplifier, narrow-band-ization of the light to generate becomes easy from the above 
thing rather than an erbium dope fiber optical amplifier. Moreover, since the wavelength of incident 
tight carries out behavior near 4 level system in 1060nm or more, the ytterbium dope fiber optical 
amplifier is advantageous to a high increase in power. Therefore, with this operation gestalt, it 
becomes possible to obtain the light of high power and a narrow-band far from the configuration 
which uses only an erbium dope fiber optical amplifier. 
[0192] 

In addition, other examples of the configuration of the wavelength converter 163 which performs 
wavelength conversion by making into a fundamental wave light outputted from an above-mentioned 
ytterbium dope fiber optical amplifier or erbium dope optical fiber amplifier are shown in d rawing 
16 - drawing 18 . 
[0193] 

Among these, the configuration of the wavelength converter 163 which outputs the light of the 
wavelength of 157.6 nrn is shown in dra wing 16 by making into a fundamental wave Sight (1 103.2 
run wavelength) outputted from the ytterbium dope fiber optical amplifier 1911. As shown in 
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drawing.16 , incidence of the fundamental wave of the 1 103.2 nm (frequency omega) wavelength 
outputted from the optical amplifier 1911 is carried out to the 1st step of nonlinear optical crystal 
183 A through condenser lens 182A. In case this fundamental wave passes this nonlinear optical 
crystal 1 83 A, the twice of the frequency omega of that fundamental wave, i.e., 2 double wave with a 
frequency of 2omega (wavelength is one half of 55L6nm) 5 occur by the secondary harmonic 
generation. As the 1st step of this nonlinear optical crystal 183 A, 30LiB5 (LBO) crystal is used and 
the approach by the temperature control of an LBO crystal and NCPM (Non-Critical Phase 
Matching) are used for the phase matching for carrying out wavelength conversion of that 
fundamental wave at 2 double wave, 
[0194] 

Although the fundamental wave penetrated without carrying out wavelength conversion by nonlinear 
optical crystal 183 A is reflected by dichroic-mirror 185 A, 2 double wave generated in wavelength 
conversion of nonlinear optical crystal 183 A penetrates dichroic-mirror 185A S and it carries out 
incidence to nonlinear optical crystal 183B through condenser lens 182B. 
[0195] 

In case this 2 double wave passes this nonlinear optical crystal 183B 3 a 4 times [ 4omega 
(wavelength is one fourth of 275. 8nm) ] ? i.e., frequency, as many 4 time wave as the frequency 
omega of that fundamental wave occurs by the secondary harmonic generation, In addition, as the 
2nd step of nonlinear optical crystal 183B, 6OCsLiB10 (CLBO) crystal and a CBO crystal are used. 

&*d b y dicWWor , 85 B a„ d orirror , SSO, a„ d 2 CouMe wave w ith o ut 
carrying out wavelength conversion by nonlinear optica) crystal 183B penetrates dichroic-mirror 
185E through condenser lens 182C, Moreover, after penetrating dichroic-mirror 185B and being 
reflected by mirror 185C, it is reflected by dichroic-mirror 1 85E, and the 4 time wave generated in 
wavelength conversion of nonlinear optical crystal 183B is compounded by 2 double wave and the 
same axle which penetrated dichroic-rnirror 185E, and carries out incidence to nonlinear optical 
crystal 183C. As the 3rd step of nonlinear optical crystal 183C, KBBF (KBe2B03F2-otassium 
luoroboratoberyllate) is used, and a wave (wavelength of 1 83.9nm) is obtained 6 times by the sum 
frequency generation of the 2 double wave and the 4 time wave which carried out incidence to the 
crystal. 
[0197] 

It is reflected by dichroic-mirror 185A-> mirror 185F ~> mirror 185G, and the fundamental wave 
penetrated without carrying out wavelength conversion by nonlinear optical crystal 183A passes 
condenser lens 182F 7 and penetrates dichroic-mirror 185H. After passage, by dichroic-mirror 185H 5 
the 6 time wave obtained by nonlinear optical crystal 183C is compounded by the fundamental wave 
and same axle, and carries out incidence of the condenser lens 182E to nonlinear optical crystal 
183D. 
[0198] 

As the 4th step of nonlinear optica! crystal 1 83D, the BaMgF4 (BMF) above-mentioned crvstai is 
used and a wave (wavelength of 157.6nm) is obtained 7 times by the sum frequency generation of a 
fundamental wave and a 6 time wave, Since the fundamental wave and the 6 time wave serve as 
incident light also here, 

Manufacture of the crystal can be made easy, being able to use the period lambda of a BMF crystal 
as about 2.3 micrometers. In addition, like before, when making a wave and a 3 time wave into 
incident light 4 times, the period lambda of a BMF crystal had to be set to about 1 micrometer, and 
manufacture was very difficult. In addition, the obtained 7 time wave passes condenser lens 182G, 
and is outputted from the wavelength converter 163. 
[0199] 

The configuration of the wavelength converter 163 which outputs the light of the wavelength of the 
wavelength (365nm) of i line is shown in drawing..! 7 by making into a fundamental wave light 
(wavelength of 1095nm) outputted from the ytterbium dope fiber optical amplifier 191 1. 
[0200] 

As shown in drawing 17 , incidence of the fundamental wave with a wavelength of 1095nm 
outputted from the optical amplifier 191 1 is earned out to the 1st step of nonlinear optical crystal 
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1 83 A through condenser lens 182A, In case this fundamental wave passes this nonlinear optical 
crystal 1 83A, the twice of the frequency omega of that fundamental wave, i.e., 2 double wave with a 
frequency of 2omega (wavelength is one half of 547.5nrn) 5 occur by the secondary harmonic 
generation. As the 1st step of this nonlinear optical crystal 1 83 A, 30LiB5 (LBO) crystal is used and 
the approach by the temperature control of an LBO crystal and NCPM (Non-Critical Phase 
Matching) are used for the phase matching for carrying out wavelength conversion of that 
fundamental wave at 2 double wave, 
[0201] 

As for the fundamental wave penetrated without carrying out wavelength conversion by nonlinear 
optical crystal 1 83 A, and 2 double wave generated in wavelength conversion of nonlinear optical 
crystal 183 A, the half-wave length and one wave of delay is given with the wavelength plate 184 of 
the next step, respectively. And the polarization direction comes to rotate only a fundamental wave 
90 degrees. Thereby, the polarization direction of the fundamental wave and 2 double wave comes to 
be in agreement. After the fundamental wave and 2 double wave which passed the wavelength plate 
184 mind condenser lens 182B, incidence of them is carried out to the 2nd step of nonlinear optical 
crystal 183B. As the 2nd step of nonlinear optical crystal 183B, for example, an LBO crystal and a 
CBO crystal are used. In this nonlinear optical crystal 183B, a wave (wavelength of 365.0nm) is 
obtained 3 times by the sum frequency generation of 2 double wave generated in the 1st step of 
nonlinear optica] crystal 1 83 A, and the fundamental wave which penetrated that nonlinear optical 
crystal 183 A, without carrying out wavelength conversion. And high power and the 3 time wave of a 
narrow-band are outputted through condenser lens 1 82C. 
[0202] 

The configuration of the wavelength converter 163 which outputs the light of the wavelength of 
193.4 nm is shown in dravying^.18 by making into a fundamental wave light (1546,9 nm wavelength) 
outputted from the erbium dope fiber optical amplifier 1611. 
[0203] 

As shown in drawing 1 8 , incidence of the fundamental wave of the 1546,9 nm (frequency omega) 
wavelength outputted from the optical amplifier 161 1 is carried out to the 1st step of nonlinear 
optical crystal 1 83 A through condenser lens 182A. In case this fundamental wave passes this 
nonlinear optical crystal 183A, the twice of the frequency omega of that fundamental wave, i.e., 2 
double wave with a frequency of 2omega (wavelength is one half of 773. 5nm), occur by the 
secondary harmonic generation. As the 1st step of this nonlinear optical crystal 183A, 3GLiB5 
(LBO) crystal is used and the approach by the temperature control of an LBO crystal and NCPM 
(Non-Critical Phase Matching) are used for the phase matching for carrying out wavelength 
conversion of that fundamental wave at 2 double wave. 
[0204] 

As for the fundamental wave penetrated without carrying out wavelength conversion by nonlinear 
optical crystal 1 83 A, and 2 double wave generated in wavelength conversion of nonlinear optical 
crystal 183 A, the half wave length and one wave of delay is given by wavelength plate 184A of the 
next step, respectively. And the polarization direction comes to rotate only a fundamental wave 90 
degrees. Thereby, the polarization direction of the fundamental wave and 2 double wave comes to be 
in agreement. After the fundamental wave and 2 double wave which passed wavelength plate 184A 
mind condenser lens 182B, incidence of them is carried out to the 2nd step of nonlinear optical 
crystal 1 83B, As the 2nd step of nonlinear optical crystal 1 83B, while for example, an LBO crystal is 
used, phase matching is performed by NCPM at the temperature to which the LBO crystal differs 
from the 1st step of nonlinear optical crystal (LBO crystal) 183 A. In this nonlinear optical crystal 
1 83B, a wave (wavelength of 5 15.6rtm) is obtained 3 times by the sum frequency generation of 2 
double wave generated in the 1st step of nonlinear optical crystal 183 A , and the fundamental wave 
which penetrated that nonlinear optical crystal 183 A, without carrying out wavelength conversion. 
[0205] 

Next, incidence of the 3 time wave obtained by nonlinear optical crystal 183B is carried out to the 
3rd step of nonlinear optical crystal 183C through diehroic-mirror 185 A and condenser lens 182C. 
And in case a wave passes along the 3rd step of this nonlinear optical crystal 183C these 3 times, a 6 
times [ 6omega (wavelength is one sixth of 257. 8nm) ], i.e., frequency, as many 6 time wave as the 
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frequency omega of a fundamental wave occurs by the secondary harmonic generation of a wave 
those 3 times, As the 3rd step of this nonlinear optical crystal 1 83C, 20heta-RaB 4 (BBO) crystal or 
6OCsLiB10 (CLBO) crystal is used, for example. 
[0206] 

It is reflected by mirror 185C and the 6 time wave obtained by nonlinear optical crystal 1 83C passes 
condenser lens 182E. And the 6 time wave is compounded by the same axle in dichroic-mirror 
185A-> mirror 185B-> condenser lens 182B, the bypassed fundamental wave, and dichroic-mirror 
185D, and carries out incidence to the 4th step of nonlinear optical crystal 183D, SOCsBS (CBO) 
crystal is used as the 4th step of nonlinear optical crystal 183D. 
[0207] 

The 7 time wave obtained by nonlinear optical crystal 183D and the fundamental wave which 
penetrated it are separated by diehroie-mirror 185E. It is reflected by mirror 185F S and the 
fundamental wave which penetrated this passes wavelength plate 184B and condenser lens 182F, and 
penetrates dichroic-mirror 185H. And it is reflected by mirror 185G, and the 7 time wave reflected 
by dicliroic-mirror 185E passes condenser lens 182G, and is reflected by dichroic-mirror 185H, And 
the fundamental wave and 7 time wave are compounded by the same axle by dichroic-mirror 185H, 
and carry out incidence to the 5th step of nonlinear optical crystal 183E. In addition, it is also 
possible to use a cy lindrical-lens pair instead of condenser lens 182G as an object for beam plastic 
surgery of a wave 7 times. 
[0208]" 

As the 5th step of nonlinear optical crystal 1 83E, 6OCsLiB10 (CLBG) crystal is used and a wave 
(wavelength of 193.4nrn) is obtained 8 times by the sum frequency generation of a fundamental 
wave and a 7 time wave. 
[0209] 

In addition, with the above-mentioned operation gestalt, in order to use the light outputted from two 
or more optical amplifiers 1611 and 1911 etc. as a fundamental wave, it is necessary to adjust those 
timing. Therefore, between some [ at least ] ampli fier of each optical ampl ifier, and the wavelength 
converter 163, the delay unit to which predetermined time delay of the advance of the light inputted 
into the wavelength converter 163 from the equipment is carried out may be made to be inserted, and 
you may enable it to adjust the timing of each fundamental wave inputted into the wavelength 
onverter 163 to it, for example in laser light source 160A and laser light source 190A of drawing 



[0210] 

Moreover, with the above-mentioned operation gestalt, although laser light sources 160 A and 190 A 
were made into the continuation light source, it can also consider as the source of pulsed light. In this 
case, if the electrooptical modulators 160C and 190C between optical isolators 160B and 190B and 
optical amplifiers 1611 and 1911 are not arranged, the same output light as the light equipment 16 
and 16' concerning the above-mentioned operation gestalt can be obtained, 
[0211] 

Moreover, with the above-mentioned operation gestalt, although the DFB laser was used as laser 
light sources 160A and 190A, it is not limited to this and other semiconductor laser can be used. For 
example, the semiconductor laser of an external resonator configuration can also be used, and the 
semiconductor laser which is not other external resonator configurations, such as distribution 
reflective mold (DBR) laser, can also be used, and titanium sapphire laser and fiber lasers, such as an 
ytterbium dope fiber laser, can also be used, 
[0212] 

Moreover, although wavelength of the light outputted from a wavelength converter was made into 
specific wavelength, such as oscillation wavelength of ArF excimer laser and KrF excimer laser, and 
wavelength of i line, with the above-mentioned operation gestalt, this invention is not limited to this 
and can output the light of the wavelength of 90nm - 800nm arbitration by changing a setup of the 
nonlinear optical crystal in the wavelength converter 163 etc., and a setup of the wavelength of light 
which carries out incidence, you may make it determine the predetermined wavelength as an 
example according to the design rules (line breadth, pitch, etc) of the pattern which should be 
imprinted on Wafer W, and it may take into consideration the above-mentioned exposure conditions, 
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the class (a phase shift — do mold or not?) of reticle R, etc. on the occasion of the decision further, 
[0213] 

Moreover, although all the optical output equipments that output a fundamental wave to the 
wavelength transducer 163 were used as the fiber optical amplifier with the above-mentioned 
operation gestalt, as long as this invention is equipment which is not limited to this but can output 
the light of desired wavelength, they may be laser light sources, such as Nd:YAG laser, 
[0214] 

Moreover, what is necessary is for the number of the optical fiber amplifier 167 arranged at 
juxtaposition in the optical amplification section 1611 shown in draw ing 3 to be arbitrary, to be 
good, and just to determine the number according to the specification demanded in the product with 
which the light equipment concerning this invention is applied. When high power is not especially 
required as light equipment, the number of the optical tiber amplifier 167 can be reduced, and a 
configuration can be simplified. In addition, when simplifying so that one optical fiber amplifier 167 
may be included, it becomes unnecessary [ the optical turnout 166 ], Moreover, with the above- 
mentioned operation gestalt, although the optical fiber amplifier 167 was used as an optical 
amplifier, a semi-conductor optical amplifier can also be used. 
[0215] 

Moreover, what is necessary is to purge a perimeter ambient atmosphere by nitrogen, dry air, etc, or 
just to carry out temperature control of a CLBO crystal or the BBO crystal to an elevated 
temperature as a nonlinear optical crystal in the wavelength converter 163, with the above-mentioned 
operation gestalt, when the deliquescence of a CLBO crystal or a BBO crystal poses a problem 
although the CLBO crystal, the BBO crystal, etc, were used, 
[0216] 

Moreover, although the above-mentioned operation gestait explained the case where the light 
equipment concerning this invention was applied to the scanning aligner of step - and - scanning 
method, the light equipment concerning this invention is applicable to the laser repair equipment 
used in order to cut some of equipments (fuse etc.) used for a device production process etc. except 
an aligner, for example, circuit pattern formed on the wafer. Moreover, this invention is applicable to 
the immersion photolithography system with which liquids (for example, pure water etc.) are filled 
between the projection optics PL and the wafers which are indicated by the aligner of not only the 
scanning aligner of step - and - scanning method but quiescence exposure mold, for example, step- 
and-repeat method, or step - and - SUTITCHI method, the aligner of a pro squeak tea method, and 
tlie mirror projection aligner WO 99/49504, for example, international public presentation etc, In 
addition, the aligner of the above-mentioned operation gestalt may arrange a wafer stage, 
respectively in the exposure location where the imprint of a reticle pattern is performed through 
projection optics, and the measurement location (alignment location) where mark detection by the 
wafer alignment system is performed, and the twin wafer stage type which can be performed is 
mostly sufficient as it in parallel in exposure actuation and measurement actuation as indicated by 
JP, 10-2 14783, A, the international public presentation WO 98/No, 40791, etc. 
[0217] 

Moreover, although the above-mentioned operation gestalt explained the example used as light 
equipment with which the light equipment concerning this invention generates the illumination light 
for exposure, it is also possible to detect the projection image of the mark arranged in the body side 
or the image surface of the fight equipment for above-mentioned reticle alignment which needs the 
light of the almost same wavelength as the illumination light for exposure, or projection optics, and 
to use it as light equipment of the optical property ****** space image detection system of the 
projection optics concerned etc, 
[0218] 

In addition, the light equipment of this invention can be used for various equipments besides an 
aligner. For example, a laser beam can be irradiated at a cornea, surface ablation (or ablation inside 
the cornea cut open) can be performed, and it can use as light equipment used for the laser 
therapeutic device which corrects the curvature or irregularity of a cornea and treats nearsightedness, 
the astigmatism, etc. Moreover, the light equipment of this invention is available also as Sight 
equipment in optical test equipment etc. 
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Moreover, the light equipment of this invention is available also as the objects (optical-axis doubling 
etc.) for optical adjustment of optical system like the projection optics in the above-mentioned 
operation gestalt, or checking, Furthermore, in the various equipments which have excimer laser as 
the light source, it transposes to excimer laser and the light equipment of this invention can be 
applied . 
[0220] 

In addition, light equipment 16 is not restricted to the configuration of dr awing 2 on the assumption 
that use [ in / in the configuration of the light equipment 16 shown in drawing 2 / the aligner 10 of 
drawingJL ]. Although highly precise wavelength control, light control, etc. are needed in an aligner, 
if strict light control etc, is unnecessary, it is necessary except an aligner to prepare neither a quantity 
of light monitor nor quantity of light control unit 16C S for example. 
[0221] 

Next, manufacture of the devices (semiconductor chips, such as IC and LSI, a liquid crystal panel, 
CCD, the thin film magnetic head, micro machine, etc) which used the aligner and approach of this 
operation gestalt is explained, 
[0222] 

First, in a design step, the functional designs (for example, circuit design of a semiconductor device 
etc) of a device are performed, and the pattern design for realizing the function is performed. Then, 
the mask in which the designed circuit pattern was formed is manufactured in a mask manufacture 
step. On the other hand, in a wafer manufacture step, a wafer is manufactured using ingredients, such 
as silicon. 
[0223] 

Next, in a wafer processing step, an actual circuit etc is formed on a wafer with a lithography 
technique so that the mask and wafer which were prepared at the above-mentioned step may be used 
and mentioned later. 
[0224] 

This wafer processing step has the head end process of each phase of wafer processes, such as an 
oxidation step which oxidizes the front face of a wafer, a CVD step which forms an insulator layer in 
a wafer front face, an electrode formation step which forms an electrode by vacuum evaporation© on 
a wafer, and an ion implantation step which drives ion into a wafer, and the tail end process 
mentioned later in manufacture of a semiconductor device. A head end process is chosen and 
performed according to required processing in each phase of a wafer process, 
[0225] 

In each phase of a wafer process, after a head end process is completed, a sensitization agent is 
applied to a wafer in a resist processing step, and printing exposure of the circuit pattern of a mask is 
succeedingly carried out at a wafer with the aligner 10 explained above in the exposure step. Next, 
the wafer exposed in the development step is developed and the exposed member of parts other than 
the part into which the resist remains is succeedingly removed by etching in an etching step. And the 
resist which etching ended and became unnecessary is removed in a resist removal step. 
[0226] 

A circuit pattern is formed on a wafer multiplex by carrying out by repeating a head end process and 
the tail end process from a resist processing step to a resist removal step as mentioned above. 
[0227] 

In this w 7 ay 5 after a wafer processing step is completed, in an assembly step, it chip-izes using the 
wafer processed in the wafer processing step. Processes, such as an assembly process (dicing, 
bonding) and a packaging process (chip enclosure), are included in this assembly, 
[0228] 

Finally, in an inspection step, the check test of the device produced at the assembly step of operation, 
an endurance test, etc, are inspected. After passing through such a process, a device is completed, 
and this is shipped. 
[0229] 

The device with which the detailed pattern with a sufficient precision was formed as mentioned 
above is manufactured by high mass-production nature. 
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[0230] 

[Effect of the Invention] 

Since wavelength conversion of each phase can be performed not using the fundamental wave which 
the output level decreased through several steps of wavelength conversion but using the fundamental 
wave acquired from other optical output equipments according to the light equipment of this 
invention as explained to the detail above, wavelength conversion efficiency can improve, the peak 
power of optical output equipment can be controlled, and wavelength of the light outputted from 
optical output equipment can be narrow-band-ized further, 
[0231] 

Moreover, since the light injected from the light equipment of this invention is irradiated through 
exposure optical system at an object according to the light irradiation device of this invention, the 
light by which wavelength conversion was carried out efficiently can be irradiated at an object, 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the configuration of the aligner concerning the 1st 
operation gestalt of this invention, 

[Drawing 2] It is the block diagram showing the internal configuration of the light equipment of 
drawing I with a main control unit. 

[ Drawing 3] It is drawing showing roughly the optical fiber amplifier which constitutes the optical 
amplifier of drawing_2 , and its periphery with a part of wavelength converter. 

[Drawing 4] It is drawing showing an example of the configuration of the wavelength converter from 
which light with a wavelength of 193. 4nm is obtained. 

[Drawin g 5] It is drawing showing other examples of the configuration of the wavelength converter 
from which light with a wavelength of 193.4am is obtained. 

[Dr awing 6] Drawing in which drawing 6 (a) shows the modification (the 1) of the confi guration of a 
wavelength converter, and d rawing 6 (b) are drawings showing the modification (the 2) of the 
configuration of a wavelength converter. 

[Drawing. 7] Drawing in which dra wing 7 (a) shows the modification (the 3) of the configuration of a 
wavelength converter, and drawing.7 (b) are drawings showing the modification (the 4) of the 
configuration of a wavelength converter. 

[Drawing 8] It is drawing showing an example of the configuration of the wavelength converter from 

which light with a wavelength of 157,6nm is obtained. 

[Drawin g 9] It is drawing showing the structure of a QPM component. 

[Drawing 10] It is the block diagram showing the internal configuration of the light equipment of the 
2nd operation gestalt of this invention with a main control unit, 

£DravdngJJJ Drawing in which drawing 11 (a) shows an example (the 1) of the configuration of the 
wavelength converter from which light with a wavelength of 193.4nm is obtained, and drawingj J_ 
(b) are drawings showing m example (the 2) of the configuration of the wavelength converter from 
which light with a wavelength of 193.4nm is obtained. 

[JteinUl] Drawing in which drawing. 12 (a) shows an example (the 3) of the configuration of the 
wavelength converter from which light with a wavelength of 193.4nm is obtained, and drawin g 12 
(b) are drawings showing an example (the 4) of the configuration of the wavelength converter from 
which light with a wavelength of 193.4nm is obtained. 

[Drawin g 13] It is drawing showing an example (the 5) of the configuration of the wavelength 
converter from which light with a wavelength of 193. 4am is obtained. 

[Drawing 14] It is drawing showing an example of the configuration of the wavelength converter 
from which light with a wavelength of 248nm is obtained. 

[Drawing. 15] It is drawing showing an example of the configuration of the wavelength converter 
from which light with a wavelength of 157.6nm is obtained. 

[Drawing 16] It is drawing showing an example of the configuration of the wavelength converter 
from which light outputted from the ytterbium dope fiber optical amplifier is made into a 
fundamental wave, and light with a wavelength of 157.6nm is obtained. 

[Drawing 17] it is drawing showing an example of the configuration of the wavelength converter 
from which light with a wavelength of 365nm is obtained. 

[Drawing 18] It is drawing showing an example of the configuration of the wavelength converter 
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from which light outputted from the erbium dope fiber optical amplifier is made into a fundamental 
wave, and light with a wavelength of 193.4nm is obtained. 
[Description of Notations] 

10 — aligner and 16 — light equipment, 16'-- light equipment, and 161 1 — an optical amplifier, a 
1612 — optical amplifier, a 1911 ~ optical amplifier, and 163 a wavelength converter and 183A-- 
nonlinear optical crystal, 183B— nonlinear optical crystal, 183C-- nonlinear optical crystal, and 
183D-- a nonlinear optical crystal, a 183E-- nonlinear optical crystal, a 183F — nonlinear optical 
crystal, and 183 — 1 — QPM component, 

[Translation done.] 
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X J >? n y ? • 57-1 8 5 A T'SW^nfelB 1 S*iS^> 5^—1 8 5 CtSUJti 
, M ft U y X i 8 2D^Mt^^^a^'^ ■ 57 - I 8 5 D % m m T 3 „ fit, IP 
Ml fl? ft ^ *S ft 1 8 3 B K 43 T fg 4 L ft 4 fg ft ii , 55-1 85Bt*£MJn, ft ft U > 
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□ it m & ft ^ b i> 8 3 c ~q ?# s n $ i a * & o4g«ts2i$isto a n m a , * 

ft b > X l 8 2 E * 5S 38 » , ?"0^lS*!St |H] M ic # jSSn, 4 1=8 B © ^ « ft^Sg ft 
1 83DlcAMtS, 4 © @ CD it m & ft ¥ mm I 8 3 D t L T fi > C s L i B 6 0 , 0 ( 
CLBO) 8fttfSl>Bhi. C CO ^ ft ffSp B B i 8 3 Dtii, S 1 S * ft © 5 fg ft t 

2 1*1!: CD ft JS ft ( ft S 1 9 3 . 4 n m ) f# 6 ft § 0 
[0177] 

W±©«fc5»CfllJ5!i*nfciftfiSE»«l 6 3 (C V> t , ft if H gg 1 9 1 , % if 6 fcH 7D $ n 
fc J ( ft S 1 1 0 5. 0 n m ) t , ft Jg 46 « 1 6 1 , fcHfrP>ffl2j*nfcS62S 

* ft ( ft fi 1 5 4 6 . 9 n m ) t ; * A It ft t L T ft S ^ & f 5 C t «fc 9 , IS^OSfil 
9 3. 4 n m CD ft # 6 ft § □ 

[0 1 7 8] 

ft 43 > 2g@03f ffi ft ¥ *S ft 1 8 3 B HI N H 4 H 2 P O 4 ( A D P ) IS ft % ffl I* £ 
if !C i4 , it IS. & ft ^ IS ft 1 8 3 B 1*1 fg 1 S * ft t * CO If! 2 9) ft t £D ft jg ~f ft ( W a 
] k - o f f ) 1$ K c 6 * fc #> , El 1 1 ( a ) CD -Y £ n -Y •>< £ • ~ =r — 1 8 5 A -» 5 
=7 — 1 8 5 C -» * ft U > X 1 82D^^^^pY'^-57-] 8 5D©S]S*» )£ 0 

ffloga*isst5ii>Biii , 4<s;4. l fc * s o t , 2 m. m <o it m m ft ¥ is ft 1 83Bt l 

T N H 4 H 2 P O 4 ( A D P ) fg Sfcffl^fca^Kfcl:, ft fi ^ J£ gg 1 6 3%, 01 3 tc B 

5 ft S J: -5 & If .Bit t t %> c i: 7? * S „ 
[0179] 

W ± 3>E /t cfc -5 lc s IS1 1 1 ( a ) , 0 1 1(b) , 01 2 ( a ) , 01 2 ( b ) , SO" I 

1 3 fu^*n5«fcd*»Sa8i»l 6 3 fi±, llltS ( ft S 1 1 0 5 n m ) CD 5 fg ft 
tl2l$i ( ft S 1 5 4 6. 9 n m ) t<Dftji!ftfe£K:.4;»K it M & ft ¥ JS ft © 4 ® tit 
fig (4S !g CD ft g ^ ^ ) {<" ct o T A r F X * V U - +f ffl C (±S 71 ft fi ( 1 9 3 . 4 n m 
) <D^;l/X!8mft##S£ itfTtS. Lfe# : oT, *m 2 <D H Sfi ifti, ft fi m. O 

g Pi sc * > 0 4 m ic tts ■& n % x ;b e ^ a • k — ■/ « 7 y -r ft m m m ^ 6 m * * n fc ft ^ 

*t*3S*ifii:'r*iftS«SS©©PB» 5 ^ & 4 fc M & f c T* t 5 © T* , ft S £ St Sft * * 

2 & fc K < f i> c i: * s ' T- * * t -5 fij jS § o 
[0 1 8 0] 

6 43 , 0 1 1 ( a ) % 0 1 1 ( b ) , 0 1 2 ( a ) , 0 1 2 ( b ) , R Zf 0 1 3 IC Tjk % tl 
Z> c fc 5 * I«4lt5 ft 5 £ & 88 1 6 3 ttt, I 2l*iSt LT, x )V f h- • Y — f- 
~7 r -Y ^ ft it |§ 88 & W 7^ * n § ft cD ft t> D JC , T m (7 'J ■> A ) , g L < H o ( ^ n 

5 •> a ) # i# in * n "7 r -f m ft tt 4i fg fr5BAini3it*ffl^Ttfi^. m^j ft fi ^ w 

3zB CD «fe 5 1 . 5 /jmf^J&Sl^ l£ ! > A • h* - 7" ■ 7 7 Y M ft if gg T ^ < , tU > + 3 ft ft 

^ 2 /i m w T" & %> -y u ^ a ex a • f — y • 7 r ^ ft ii is §§ % ii m l ^ ti 

^tti, -Y »y r- ;l/ tT •> A • F - • "7 r -< ^ ft ti H 8§ ^ 1 j W * * n 3 ft <Z> ft S ,10 7 

0 n m t ft >) , -< y ■f- )\> *t> A • F - 7° • 7 7* -T ^ ft if tl gg ?b * , i!lcDftS^cDft*ffiXj ~<F 

3 tl tc (4 , ttS Tl ft S /oM 1 0 5 n m *c? gSl^iH, Si ft cD Wt ffi ^ * ^ t < t5 C 

* 1? * , ia tr - * ^ >7 - co ±i ipl t M fiJ i: & § o 

[0181] 

* fc , ± kE L ft S ^ tft ffi 1 6 3 (4 s A r F x + :/ V U - -+f cD fg i® ft 5 fc |W| - <D ft 5 ( 
19 3. 4 n m ) CD ft ff 6 ft § fc ^ , * «g 2 CD H gfi ff^ M T' {4 , <I CD ft fi ^' ^ 
gg 1 6 3 CD ffi f& ?k M W ■$ tl ii . K r Fx^->7l/ - +f cDfg^ftft ( 2 4 8 nml^) ^ F 
2 U - +f CD fg Si ft (1 5 7 n m jfi ) i: Hg 0 — CD ft S * If § c h t ^ 5 4 -j Ic ^ ?. c 

[0182] 

0 1 4 54 , W, 1 S*ft ( ft S 1 0 9 5 n m ) CD 3 fg ft £ , ^ 2 S * ft ( ft fi 1 5 4 6. 
9 n m ) CD 2 fg ft t <D ft If ft fg 4IC4 0, K r F X + v V U - if CD % {§ ft g Bg H — CD ft 
12 4 8nm%%±Ltai*t§'IfiI^Sl 6 3©««tfiJnt^5 t 0 1 
nSi^t, ft it tl gg 1 9 1 , frStfifcSnfciffifil 0 9 5 n m ( Ji ft ft co i ) CD ^ 1 S 

* ft » , * ft b y X l 8 2 A«frLT> lg|fl*iig**lSii I 8 3 ACA«tSo C 
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n rn ) f# 6 tl <§ 0 * 

[0 1 8 9] 

#MUBft¥*£S 1 8 3 

B, & ft u y X i 8 2 

m H §§ 1 6 1 3 £> tfj 
2 ) OS2l*Kt|B] 
JB ft ¥ A 1 8 3 F T 5 
5 7. 6 n m ) ft f# <E> 
S W xE © B M F |g & 
9 n m ) fc N 1 S * 

S JS fc ^ S c fc 7? it 

[ 0 3 9 0 ] 

1 ft ft „ §g 2 K ft 

tt ic , K r F x %/ v 
7 -Y /Sft tiGIfg co & , 

/j e n fc ft * a * i$ fc 
* s rj m ttz-D fro 

[0191] 

a ts , ^mm & m © % m mm -en, m i ft mtimw t lt , -y * f- ^ e 

7 a • v-zf > y t * 'immmz mv^ m 2 2 * ft * m tj r s ft & tj he a t l t , x;u e 
<7 a • k - 7 • 7 7 -y ft ts h §1 * m ^ o -y t" ;u t: •> a a x >b tr 7 a ic it ^ x 1 0 fg 

i-7 ± © ffi i* JS 8s *P ^ rT m X 3d % o L fc ft* -o T , -f 77 ;l/ if «7 A • F-/ - 77^ li , x 
)b id - 7 A • F-7" ■ 7 7^.'U i) felRfttSC i:A<iJfi>5§ 0 ~7 7 4 t% m R it 5 ft 

St, v y Wl £L , 4 ft ft U ■£> £ L ic < < & £ £D T , is v* e — £ ^ "7 — * t# £> c fc ft s 

Rj m fc ■% K> > 77^/^fi4t5 S PM (SBfelgSi) tiSX^^ F /!> M ^ 0 <D W> 30 

»t>if>a<a«o w ± co a*^, Y7T /[/ en • k - y • y 7 4 ytmmm x a , x 

;!/ tT »> A • K - y° • y 7 4 ft W is «fc 0 t> , m ^ f § ^ <o R ffi ® ft S a t * s □ * 
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[0192] 

& *5 , ± kE CO -Y t- ;b t"7A • F — 7° * 7 7 -Y / ^ i@ ti ti X ;b t"7i • F — 7° 3t 7 7 -Y 

A ig *S m 6 tU ^i*ftfc31fi*»*3Si:LTiftfiSESI*ff5ififiIESI«l 6 3 © ffi co ffi co 

fffj ^ 0 1 6 ~ m 1 8 \z fr> 2 ft T !/■> 2> o 40 
[0 1 9 3] 

C CO d % x El 1 6 IC \% , -Y 7 X )V e 7 A • F — 7" • 7 7 -Y ^ ^ tg £ g§ 1 9 1 , ffi TJ * 

nfti (Ml 1 10 3. 2 n m ) IT, 15 7. 6 n m CD ft S CO ^ % tH 7} f •§ 

^ fi ^ m m 1 e 3 73 is m, W 7jk * ft t^So mi e ec ^ j ti ?> j; 3 N ^, m fi g» 1 9 1 , & 

5 ffi TJ ? ft 7> ft M I 1 0 3. 2 n m ( ,1 ft ^ «> ) ©l*itt^ *^b>'X 1 8 2 A *r it L 

t\ i m a co ft mmyt^m^, 1 s 3 a xwts. c <d m * s ^ c co ^ is m yt ^ $s a 1 s 
3 a * m m 1 5 re ic s z %.mm®.m±ic & k> , * <r>m^w.<onw.WL <a <r> 2 & , ts^^n 

ft S£ 2 a) ( ft S 1 / 2 co 5 5 1 . 6 n m ) © 2 fg ft if fS * t" 5 0 C © 1 © @ © ^ ITr;g ^ 
^ISi 1 8 3 A t L T , L i B 3 O s ( L B O ) ffi ^ ^ ffl V 5 ft , * © £ * ft % 2 fg ft {C 
ffi fi U T § fc 46 © fi ffi & ic L B O IS H CO il a M W id «fe i> 75 & . N C P M (No n — C 50 



*S , CBO^Il 8 3 E © ft t) 0 fC K B B F B & % Rl ^ C t> Rl 



Etstifti i a * % © 5 fg ft fc m 2 s 2t> ft © 2 fg ft t © ft n ft 

I itWm'ik. ^Y^nY7 7- 57-1 85GiciOS»^tl, ft 
TJ^ftlftftUyX 1 8 2 j * 31 j§ b fc ft S 1 5 9 9 n m ( Jl ft to 
m VC fa ®L S ft , 6 IS g © 3P If ft # IS H 1 8 3 F ic A *f t % o * M 
i± , lg 1 S * ft CO 5 fg- ft fc % 2 S * ft <7) 3 fg ft fc © ?P JS1 ft ( ft S 1 

ft § 0 a *3 „ ft m m ft ^ us a i 8 3 f k « % » <ui fa n ^ *s & t 

ffl (/^ P> ft ■§> o ^ *5 , C C 7? , BMFSia, ^ 2 S * ft (1 5 9 10 
&©5fgftfc^2S*ft©2fgftfc©filJilft(17 4. 8 n m ) fc 
§ 2 O © ft % A It ft fc L T V> § fc 46 , B M FlgaoJlffl A * 3 fi m 

e,_ , * ^ 2 © m ffi m m © ft m s b t a , it«*«ss;5 2o©ft c m 

) » A *f ft fc L T , t ft 6 © ft S © ffi IS ft W ^ © ft S © ft , % ft <D 
\C It & © 7? , ttiTJ-ri>ft©^S©3i^lEH^:JA if § C fc # T* # i> . 
b - +f co M j® ft fc SS [S] - co ft ft © ft « N i;l/f7A • F — 7° • 7 

-Y «v -7- ;l/ tT 7 A • F — 7 s • 7 7 Y ft ig H 88 © * ft* 6 fcB 

f S K ft ^ » fc T? i± h ft 0 fc & V* ft ft © ft T 5 -o 7c ft< , H 1 4 20 
1 6 3 * ffl l/* fc iSfiffttiot» d©ftS©ft^rft0ti4 - r^ fc 
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r i t i c a J Phase Ma t c h i n r ) A s fi£ ffl £ ft <& 
[0194] 

if m m ft m m n i s 3 a T'Sfisi? ft -r tc 32 is u fc a * is « , *w * a •> * • 59- 
1 a 5 ATg»«n« /o^ , ie m m ft * *s a 1 8 3 a © as a & t js * l r= 2 fig » » , ^ y 

^ a 7 f • 5 V - 1 8 5 A ^ i I L > l^i/yX 1 82B*^LT^HI*fgI1 8 
3 B !C A lit "J" ?> o 
[ 0 3 9 5 ] 

c©2« & # c © it m & ft m m n i s 3 b % ii ii -r s le sc , 2&jeai«#g£K:«fct>, * © 

g ;£ $ © Jg] $ & a > © 4 fg , f ft ft U iS 4 <« (Ilii 1 / 4 (D 2 7 5 . 8 nm) © 4 fig 
ttfittS. %*ft 2SI©^S«^fMS 1 8 3 B i: Ltfi, C s L i B 6 O , 0 ( 10 

c l b o ) is i«c b ofii # S'^ens. 

[ 0 3 9 6 ] 

IE Il^f^S 1 8 3 B T? ft ft K & * ft f £ 3S ig L 2 fg & B , ^ Y £ O -Y <y ? ■ 5 -y - 
1 8 5 B , 5-^—1 8 5 DTSife tl, DtPyXl 8 2 C % ft L T # Y >> P Y >y ^ • 5 
7-185 E^SI -T So S tc , # ». re 1 8 3 B © ft ft 3? ft 56 £ L 4 fig ft It 

, ^ Y ^ a Y <y £ . 5 ^ - 3 8 5 B * M M L „ 5 9—1 8 5 C T? £ I* £ ft It \& , -Y ^ a 
Y -7 £ • 5 9 — 1 8 5 E T & ft £ ft , ^ Y £ D Y -y y • 5 -y — 1 8 5 E ^ M M L 1 1 2 fig ft 

t mmac^ in c n , # in iB ft ¥ is n ! 8 3 ctASits, 3 s @ © mm^t^mm 1 s 3 

C i: Ltfi, K B B F ( K B e 2 BO, F 2 : P o t a s s i u m 1 u o r o b o r a 

t o b e r y I 1 a t e ) tffflt>6n, * © IS H Jc A M L fc 2 fig ft t 4 fig ft t © ft JQ ft « 20 

^ t i 0 > 6 fig ft (SSI 8 3. 9 n m ) W 6 ft S o 
[0197] 
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